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IN MEMORY OF PROFESSOR N. A. VALY ASHKO
(1871-1955)
A. E. Lutsky and V. I. Atroshckenko

On January 25; 1955 in his 84tk year, after a long illness, died one of the oldest Soviet chemists,
Doctor of Chemical Science, Doctor of Pharmaceutical Science, Professor Nikolai Avksentevich
Valyaskko.

N. A. Valyashke was born in the town of Kupyansk (Kharkov region) on March 20, 1871 inte the
family of a pharmacist. For many years N. A, Valyastiko worked as a pupil in Kharkov pharmacies, and
later as a pharmaceutical agistant, His unusual thirst for knowledge and his persistence enabled kim 10
pass the examination as.a pharmacist, and in September 1895 Le became an assistant in the pharmaceu-
tical laboratory of Kharkov Uriversity. In the course of the subsequent 60 years N. A, devoted himeelf
entirely to the training of chemists, pharmacists, engineers and young scientists, and to the development
of organic and pharmaceutical chemistry in Russia. In 1896 he organized the teaching of analytical chem -
istry for pharmacists and established the new pharmaceutical laboratory at Kharkov University. In 1919
N. A. was chosen as professor of pharmacy and pharmacognosy. From 1919, after defending his dissertation
for the degree of Doctor of Chemistry, up to the ead of his life, N. A. occupied the chair of orgamic ckem-
istry at Kharkov Institute of Technology, now the Kharkov V. 1. Lexin Polytechnic Institute.

The scientific activity of N. A, was associated mainly with the study of two problems ~ the chemistry
of substances of medicinal importance and the structure of molecules as revealed by ultraviolet absorption
spectra,

The phytochemical studies of N. A, had great practical importance, They enabled the raw material
basis for the production of medicinal substances to be widened in the Ukraine, He made a chemical study
of adonidine, rutin, robinine and campherol, components of fruits of prickly buckthors, essential oils of
Ukrainiar plants, castor oil from the Ukrainian castor oil plaat, ete, WithE. L Valyaskko ke developed a
method of production of the casein preparation "calcaz” (calcium caseinate) for reatment of children's
intestinal ailments. He prepared alkyl and acetyl derivatives of campherol (1,3,4, -trikydroxyflavanolj: con-
trary to the view held at that time, he showed that the Kostaniecki ~Drager rule of the inability of hydroxyls
in the vicinity of a carbonyl group to give methyl ethers is valid only for methylation with alkyl iedides.
Thus, by the action of dimetiyl sulfate on quercetin, he readily obtained trimethyl ethers.

The principal researches of N, A. were associated with ultravielet absorption spectra. He was one of
the pioneers of the extensive use of these spectra in the study of the structure of molecules and their behavior
in presence of various solventsarnd reactants, Starting from 1908, at the very start of the development of the
technique of measurement of these spectra, N, A. appreciated their exormous value not only for the study of
chemical stucture but also for the identfication and analysis of complex mixtures of various substances, In
1910 he established the first Russian spectrographic laboratory. His school of spectrographic specialists was
considered one of the best in the world both in its thoroughuess and in the systematic character of the investi-
gations of the ultraviolet absorption spectra of varfous chemical compounds.  Actually, in respect of these
characteristics, which are essential for any scientific investigation, his school differed markedly from those of
Henri, Baly, Hantzsch, as well as from th§ contemporary schools, for example those of Ramart-Lucas or Mor~
ton.

N. A. and his pupils (Boltina, Druzkin, Blizayukov, shcherbakov, Lutsky, Voroshin, Depestko, Lavrushir,
Rozum, Cheshko, N. N. Valyashko, Ramazanovich, and others) studied, with the thoroughsess typical of the
work of N. A., the spectra of ahout 200 different mono-, di- and trisubstituted benzenes, pyrazoles, pyrazolones,
etc., and ali the determinations of the spectra were carried out as a rule in diverse solvents and in presence of
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various reagents. N, A. was indeed the first to widely apply various types of molecular interactions during
examination of spectra with the objective of studying the fine suucture of molecules. In their detail and ac~
curacy, these investigations of spectra are a model of classical investigations: the data alone that were ob-
tained were of enormous value; they were included, and continue to be included, in reference publications.

Analysis of the accumulated data enabled N. A. to establish the now generally known regularities of
the absorption spectra of aromatic and heterocyclic compounds. He showed that the absorption curves of
many complex molecules can be regarded as being made up of the superposed curves of simpler components
o e olocules, Ho examined the problem of the nature of the influence of the formatior of 2 hydrogen
bond fnside a molecule upon the position of the absorption band maxima. From the extert of the displace=
ment of the maxima of the bands was calculated the energy of the hydrogen bond; the value so obtained
agreed with that calculated by other methods.

Utilizing the established regularities, N. A. arrived at a number of interesting conclusions about the
fine structure of of various compounds. He ished that a methylene group between two
benzene rings is by no means (as generally assumed) solated; he spectrographically proved the absence of
hypothetical inner salts in o~ and p-amino- and dimethylamino-substituted benzene sulforic and benzoic
anids; he also showed that a betaine stucture was absent from their esters, Tautomerism was studied by
N A in a number of investigations. He determined spectiographically the existence and character of

in 1, pheny acetanilide, etc. Spectrographic study of salt formation in poly-
hydroxy compounds led o the conclusior: that the different hydroxyls were not equivalent in value.

Particularly close attention was paid by N. . to the spectrographic study of the relation betweea the
structure of molecules and their physiological action, As a pioneer in this field, he put forward many inter-
esting ideas and suggestions which await further confirmation and development. Also of interest ate general
concepts of the character of ultraviolet absorption spectra that were developed by N. A. ~ He regarded the
spectra of mono- and polysubstituted benzenes as the result of intensification and displacement of bands
“haracteristic of unsubstituted benzene, The character of the spectrum of  substituted benzere, according
N, A, s ined mairly by the"distribution of centers” in the benzene ring itself, while
w . the nature of the atoms in part entering into the molecule in the form of substituted groups and even
sometimes enteting the mucleus of the molecule plays a secondary part”. The benzene ring itself i, in his
view, a dynamic system. fon between ring and creates a new dynamic system derived
from benzene, as the main center of movement, and differing in the development of one type of oscilla~
tions or another which determine the state of the molecule. These views of N. A. were also a solid con-
tibution to the further development of the ideas of A. M. Butlerov and V. V. Markovaikov on the recipro=
cal influence of functional groups in a molecule, of A. M. Butlerov's conception of the chemical compound
not as something dead and immobile but as a constantly moving system of the smallest particles.

N. A. constantly took  very active part also in the organization of the development of industry and
science in our country. In 1924 he was a member of of the People’s Commissariat of Public
Health for the publication of a National Pharmacopeia and a member of the Pharmacopeial Commitiee
in Moscow. In 1926 he became a member of the Academic Medical Council of the People’s Commissariat
of Public Health of the Ukrainian SSR. From 1925 to 1938 N. A. was national editor of the Ukrainian Chem-~
ical Journal; in 1932 he bacame a member of the Presidium of the Chemical Development Commirtee
under the State Planning Commissior of the USSR,

In 1898 N. A, was admitted to the roll of members of the Russiar. Physico-chemical Society. He took
an active part in it as secretary, later as Assistant Chairman and Chairman of the Kharkov section.,  After
the Physi i ety had been reorganized as the D. 1. Mendeleev All-Union Chemical Society he
became permanent chairman of s Kharkov section and member of the presidium of the organizing bureau
of the society. He was president of the ing committee at the of the 6th Menceleev Con -
gress. In 1941 N. A. was chosen as honorary member of the society.

For his fruitful activity N. A. was honored by the Soviet Government with the Orders of Lenin and of
Worker of the Red Flag; he was also awarded the medal "For valiant service in the Great Patriotic War of
1941-1945", The Ukrainian Government awarded him the title of honorary worker in science.

To all who knew him, N. A. will serve as an example of a man of self -sacrificing work, a patriot of
our country, a man who gave his whole life to the service of Soviet science and the Soviet people.
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LIST OF SCIENTIFIC PUBL\ICATXONS OF N. A. VALYASHKO
Published work

1. Adonidine, P, Farmats, Vestnik (1900).
9. Prof, Emest Schmidt, Biographical Study, Farmats, Vestnik (1902).

3. “The Problem of the Structure of Flavones®, Reports at the meeting of the Kharkov Society of
Physico-chemical Sciences (1902).

4. “"Rutin from Rue”, Dissertation for the degree of Doctor of Pharmacy, Trans. Kharkov Soc. Phys.-
chem. Sci., (1903). Supplement XII, Arch. Pharm., 242, 225 (1940).

5. "The Glucoside Robinine®, J. Russ. Phys. Chem. Soc., 36, 421 (1904); Arch, Pharm., 242, 384(1904).

6. List of scientific works of Academician N. N. Beketov, compiled on behalf of the Society of Py~
sico-chemical Sciences, Jubilee collection, Kharkov (1904).

7. History of the chairs of pharmacy and pharmacog and of the phar ical laboratory, and
biographies of teachers, The medical faculty of Kharkov University after 100 years, Kharkov, 1905-1906,

P, 283-296. Biographical dictionary of professors of the medical faculty, loc. cit., pp- 77-80.

8. "The Current State of the Rroblem of the Leaves of the Foxglove”, Kharkov Medical Journal, 45
(1907).

9. "Components of the Fruits of Buckthorn", J. Russ. Phys. Chem. Soc., 40, 1502 (1908) (in collabora~
tion with N. P. Krasovsky).

10, "Campherol from the Glucoside Robinine”, Trans. Kharkov Soc. Phys. -chem. Sci. (1908); Arch.
Pharm., 247 448 (1909).

11. Observation on the Paper by J. Herzig and B, Hoffmann, Ber, 42, 726 (1909).

12. " Absorption Spectra and Constitution of Benzene Derivatives, 1. Phenolaldehiydes, Benzaldehyde
and Phenol®, J. Russ. Phys. Chem. Soc., 42, 73 (1910).

13. "Absorption Spectra and Constitution of Benzene Derivatives, IL. Nito- and Aldehydo-derivatives
of Benzene, Toluene, Phenol, Acetoxybenzene and Benzoquinone”, J. Rus. Phys. Chem. Soc., 42,962 (1910).

14, *Absorption Spectra and Constitution of Derivatives of Benzene, IIl. Phenol, Methoxy -, Nitro=
and Aldehydophenols in Alkaline Solutions", J. Russ. Phys, Chem. Soc., 43, 199 (1913).

15. "Absorption Spectra and Constitution of Benzene Derivatives, IV. Binuclear Compounds — Diphenyl
Ether, Diphenylamine and Diphenylmethane™, J. Russ. Phys. Chem. Soc., 45, 2014 (1913) (with G. M. Druzhin-
in)

16. " Absorption Spectra and Constitution of Benzene Derivatives, V. Dialdehydo-, Dinitro- and Alde~
hydonitrobenzenes, J. Russ. Phys. Chem. Soc., 46, 1742 (1914) (with M. V. Voltina).

1. " ion Spectra and Consitiuti of Benzene Derivatives, VL. The T ism of Acetani-
lide”, J. Russ. Phys, Chem. Soc., 46, 1780 (1914) (with M. V. Voltina).

18. "Absorption Spectra and Constitution of Benzene Derivatives, VII. Mono- and Diacetoxybenzenes,
heny iamines, Diacetylpl {amines and some Derivatives of Toluene®, J. Russ. Phys. Chem.
Soc., 46, 1788 (1914) (with M. V. Voltina).

19, "Ab: jon Spectra and Gonstitution of Benzene DX i VIIL Benz-anti-aldoxime and Benz-
syn-aldoxime”, J. Russ. Phys. Chem. Soc., 46, 1822 (1914).

20, "The ism of the Reaction of Ci Thard and Dyrmont”, J. Russ, Phys. Chem.
Soc., 48, 1813 (1916).

21. Absorption Spectra and Constirution of Benzene Derlvatives, Abstract of doctoral dissertation,
Kharkov (1918).

25, " Absorption Spectra and Constitution of Benzene Derivatives, IX.. Dihydroxybenzaldehiydes. The
Theory of Auxochromes”, J. Russ. Phys. Chem. Soc., 58, 779 (1926).
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23, "The Problem of the Organization of the Pharmaceutical Chemical Industry in Ukraine", Khim-
farm, Vestrik, Odessa (1926) (with L A, Krasusky).

24, *Concerning Saccharine and the Saccharine Problem", Khimfarm, Vestnik, Odessa (1926).

25, "Preparation of a Stable Alcoholic Solution of Sodium Hydroxide and the Reaction of Caustic
Alkalies with Aldehydes and Chloroform”, Pharm, J., 34 (1928).

96. "Castor Oil from the Ukrainian Castor 0Oil Plant", Pharm. J. 240 (1928) (with M. A.
Nekhamkina).

27, The Problem of the Extraction of Strychnine in Forensic Chemical Investigations, Pharm. J.,
532 (1928) (with V. A, Rozvadovsky),

28, "Galcaz, a Preparation Replacing "Larozan’, ", Pharm. J., 699 (1928) (with E- 1, Valyashko).

29, "Alkaloids? B. Microbiol. . Epidemiol /Parisitol. USSR, 1, 394 (1928).

30,"Glucosides?B. Microbiol,. Epidemiol. Parisitol .USSR, VII, 335, (1929)-

31. *The Synthesis of Antipyrine”, Ukrain. Chem. 1., 5, 47 (1930) (with V. I Bliznyukov).

39, "Determination of Small Amounts of Bismuth in Organic Material without Decompositior", Ukrain.
Chem. ., 5, 275 (1930) (with P. K. Virup).

33, Chemical Investigation of the Azalea of Ukrainian Poland, Pharm. J., 13 (1930) (with N. A.
Nekhamkina).

34, "Hellebore Poisoning in Forensic Chemical Ppractice, Pharm. J., 18 (1981) (with V. A. Rozvadovsky).

35, "The Action of Chlorine on. Acetylene and the Preparation of Tetrachloroethane and Trichloro-
ethylene”, Ukrain, Chem. J., 7, 12 (1932) (with G. A, Kosenko).

36, "Quantitative Determination of Alkaloids in the Leaves of Belladonna*, Ulsain. Chem. J., 9, 343
(1934 (with R. O. Regilyant, M. M. Sergutina and Z. V. Sova).

37."Swdy of the Vegetable Raw Materials of the Ukiaine, I Working-up of Lupulin to Tar, Essential
0il, and Fatty Acids", Ukrain. Chem. J., 10, 210 (1935) (with Yu. G. Borisyuk).

38. "Melting Point of Resorcinol", Ukrain. Chem. J., 10, 305 (1985) (with M. M. Shcherbak).

39, "Stdy of the Vegetable Raw Materials of Ukraine, II. Essential Oils", Ulsain. Chem. J., 12, 261
(1937) (with Yu. G. Borisyul).

40, "Study of the Vegetable Raw Materials of Ukraine, IIL, Rectification of Peppermint Oil", Ukrain.
Chem. ., 12, 305 (1937) (with Yu. G. Borisyuk).

41, "The Rotatory Dispersion of Essential Oile” Ukrain. Chem. 1., 12, 245 (1987) (with Yu. G. Borisyuk).
42, "The Scientific Work of Professor A. D. Rozenfeld”, Pharm. J., 165 (1937).

43, " Absorption Spectra and Constitution of Benzene Derivatives, X, 3-Hydroxy~ and 3,5-Dihydroxy -
benzaldehyde®, 1. Gen. Chem., 8, 1399 (1938) (with M. 1. Shcherbak).

44, "specuographic Investigation of the Action of Gaustic Alkali on Resorcinol, I. Resorcinol and
Methylresorcinol®, J. Gen. Chem., 8, 1597 (1938) (with M. L. Sheherbak).

45, "Spectrographic Investigation of the Action of Caustic Alkali on Resorcinol, II. Dihydroresorcisol
and Resorcinol in Solutions of Sulfurous Acid. The Problem of Keto-Enol Tautomerism *,J. Gen. Chem., 8,
1629 (1938) (with M. L. Shcherbak).

46. "Spectrographic Investigation of the Action of Caustic Alkali on Resorcinol, IIL. Diphenyl Deriva -
tives®, 1. Gen. Chem., 8, 1641 (1938) (with M. L. Shcherbak).

47, "Ulmaviolet Absorption Spectra of N-Phenyl Derivati L
Gen. Cher., 10, 1280 (1940) (with V. L. Bliznyukov).

48, "Uliraviolet Absorption Spectra of N-Phenyl Derivatives of Pyrazolone, IL. Antipyrine, Amino-
antipyrine and Dime(hylaminaantipyrine",]. Gen. Chem., 10, 1343 (1940) (with V. I. Bliznyukov}.
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49, "The Reaction of Mercuric Chloride with a Solution of Basic Lead Acerate™, J. Gen. Ghem., 10,
1242 (1940) (with G. P. Pivnenko}

50. “Investigation of the Seeds of Indian Chrysanthemum; Farmatsiya, 1, 14 (1940) (with E. N.
Taveibakl,

51, "Quantitative Determination of Coumarin in Melilot®, Bull, Mendeleev All-Union Chem. Soc.,
No. 4, 13 (1940) (with E. G. Berdichevsky).

52. "Dynamics of Accumulation of Alkaloids and of Extractive and Inorganic Substances during
Different Periods of Growth and ir. Different Parts of the Belladonna Plant”, Farmatsiya, No. 4, 20 (1940)
(with E. V. Sova).

53, “Ulmaviolet Abcorption Spectra of N-Phenyl Deri of ne, I, 1-Pheny] hyl-
_5-methoxypyrazole and 1-Pheryl-3-methyl-5-pyrazoloneyJ. Gen. Chem., 11, 23 (with V. 1. Blizayukov}.

54, “Ulmaviolet Aborption Spectra of N-Pheny) Derivatives of Pyrazolone, V. General Considera~
tion of the Absorption Specia of N-Preryl Derivatives of Pyrazolone, Their Structure, and Correlation with
Pharmacodynamic Properties?, J. Ger. Chem., 11, 559 (1941) (witk V. L. Bliznyukov).

55. " Absorption Spectra and Structure of Berzene Derivatives, XVIIL Dipkenylmethane®, Bull.
Mendeleev ALl Chem. Soc., No. 6, 14 (1941) (with V. F. Lavtushin).

56. " Absorption Spectra and Structure of Benzene Derivatives, XIX, 2+, 3- and 4-Hydroxydiphenyl-
methanes”, Bull. Mendeleev All-Union Chem, Soc., No. 6, 14 (1941) (witk V. F. Lavrushin).

57, "Absorption Spectra and Structure of Benzene Derivatives, XX. 4.4-Dltydroxy-Diphenylme(hane,”
Bull, Mendeleev All-Union Chem. Scc., No. 6, 14 (1941 (with V. F. Lavrushin).

58. "Ulmaviolet Absorption Spectra and the Fine Structure of Benzene Derivatives, Survey of Investi~
gatlons in the years 1910-19407, Trans, S. M. Kirov Inst. Chem. Tech.,,Kharkov, No. 8, 36 (1941).

59, “Nirration of Toluene with Nitrogen Dioxide without Sulfuric Acid”, Trams. S. M. Kirov Inst.
Chem. Tech., Kharkov, Ne. 4, 48 (1944) (with V. L. Blizzyukov and A. E. Lutsky).

60, "The Keto-Epol T: 1 of Pherols, hi of Fh inol and

Some of Its Derivatives”, Trans. S. M. Kiroy Inst. Chem. Tech, Kharkov, No. 5, 15 (1945) (with E. M.
Voroshin).

61. " Absorption Spectra and Structuze of Benzene Derivatives, XL Acetopbenone”, J. Ger. Chem.,
16, 593 (1946) (witk Yu, S. Rozum).

62. "Absorpticn Spectra and Structure of Benzene Derivatives, XIL 2- and 4-Hydroxyacetophenones
and Their Methy! Eths . Gen, Chem,, 17, 755 (1947) (with Yu. S. Rozum}.

63. "Absorption Spectra and Structure of Benzene Derivatives, XU 2,4-Di h and
Its Methyl Ethers”, J. Gen. Chem., 17, 783 (1947) (with Yu. S. Rozum).

64, “Investigation of the Fatty Oil of the Seeds of Abyssinias Basil”, I. Appl. Chem., 20, 151 (1947)
(with Z. A. Nepomnyashchaya}.

65, “Metkods of Extraction of Strychnine from Aqueous Solutions from the Standpoint of the Parti-
tion Law, Jubilee scientific conference of Pharmaceutical Institutes, Theses of Reports, Moscow (1947)
(with T. V. Marchenko).

6. "Absorption Spectra and Structure of Benzene Derivatives, XIV. Polarographic and Potentio-
metric Investi of and Its Dert ", J. Gen. Chem., 18, 710 (1948) (with Yu. S.
Rozum}.

67. "Spectrographic Iavestigation of 5-Bromo= and 3,5 -Dibromosalicylaldehydes, 1. Gen, Chem.,
18, 1113 (1948) (with N. N, Valyashko).

68, "Spectrographic Investigation of the Fine Structures of Organic Compounds in the Laboratory
of Organic Chemistry duriag 30 Years", Trans. S, M. Kizov Inst. Chem. Tech.,Kharkov, No. 7, 3 (1949).
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69, "Absorption Spectra and Structures of Febrifugal Derivatives of Benzere, 1. B-Acyl Derivatives
of Phenylhydrazine”, J. Gen, Chem., 20, 479 (1950) (T.p. 513)* (with 1, T. Depeshko).

70, " Absorption Spectra and Structure of Febrifugal Derivatives of Benzene, II. a -Acyl Derivatives
of Phenylhydraziné; J. Gen. Chem. 20, 1667 (1950) (T. p. 1729)* (with L T. Depeshko).

71, "Absorption Spectra and Structures of Benzene Derivati XV. 3-Hy
Gen. Chem., 21, 939 (1951) (T.p, 1029) * (with A. E. Lutsky).

79, *Absorption Spectra and Structures of Benzene Derivatives, XVL. 3,
J. Gen. Chem., 21, 1069 (1951) (T.p. 1171)* (with A. E. Lutsky).

73, " Absorption Spectra and Structures of Benzene Derivatives, XVIL 2,6-Dihydroxyacemphenone",
1. Gen, Chem., 21, 1091 (1951) (T.p. 1193) * (with A. E. Lutsky).

74. " Absorption Spectra and Structures of Febrifugal Derivatives of Benzene, IIL Absorption Spectra
and Struetures of Local. Anesthetic Derivatives of Pyrazoline”, J. Gen. Chem., 23, 820 (1953) (T.p. 335)*
(1, T. Depeshko). N

X

75. "Uluaviolet Spectrogeaphic Investigation of Sulfur Dioxide, Sulfurous Acid and Methanesulfonic
Acid and Their Derivatives”, 1. J. Gen. Chem., Supplement 1, 572 (1953) (with F. F. Cheshko).

76, “Uluaviolet Spectrographic Tnvestigation of Sulfur Dioxide, Sulfurous Acid and Methanesulfonic
Acid and Their Derivatives, Il Ultraviolet Sp i igation of the fon of Benzene,
Benzenesulfonic Acid, and Its Derivatives} J. Gen, Chem., Supplement I, 584 (1953) (with F. F. Cheshko).

77, "Absorption Specira and Structure of Benzene Derivatives, XVIIL. 3,4-D and
Its Methy! Ethers} J. Gen. Chem., 26, 146 (1856) (T.p. 147)* (with N. N. Valyashko).

78. "Absorption Spectra and Structure of Benzene D ivatives, XIX. 2,5-Dihy and
Its Methyl Ethers,]. Gen. Chem., 26, 294 (1956) (T.p.311) * (with N. N. Valyashko).

B. Papers prepared for publication

1. Absorption Spectra and Structure of Benzene Derivatives, XX. Sp
Aminobenzenesulfonic Acid and Its Derivatives (with N. N. Romazanovich).

2. Absorption Spectra and Structure of Benzene Deri XXI, p-Dimethy
Acid and Its Methyl Ester (with N. N. Romazanovich).

3. Absorption Spectra and Structure of Benzene Derivatives, XXII. Spectrographic Investigation of o~
and m-Aminobenzene Sulfonic Acids and Their Derivatives (with N. N. Romazorovich).

*T. p. = C. B. Translation pagination
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ABSORPTION SPECTRA AND STRUCTURE OF BENZENE DERIVATIVES
XIX. 2,5-Dihydroxyacetophenone and Its Methyl Ethers

N. A. Valyashko* and N. N. Valyashko

Syntheses. 2,5-Dihydroxyacetophenone was synthesized by the method of Nenckl and Schmid [1). Tts
methylation [2] gave 2-hydroxy -5 -methoxy - and 2,5-di h y
phenone was prepared by the method of (3]. The prepated compounds were purified by recrystallization from
solvents; 2,5-di was purified by two redistillations at 158 (14 mm).

spectrographic Investigation

y The of 2,5-dihy pl in ethanol at
of 210 2105 M resembles the absorption spectrum of 2-hy owing,
however, to the conjugation of the 5-hydroxy group with the benzene ring and the carbonyl
group, the band ay is more strongly developed (maximum at X 3700 A and ¢ 8000) with a
1.8 times increase in intensity and displacement of the maximum by 450 A toward the long-
wave region in comparison with band ay of 2-hydroxyacetophenone (Fig. 1, Curves 1 and 2).

4800 4200 3800 3400 3000 2600 2200 4

0 I S

Fig:.1. 1) 2,5-Dihydroxyacetophenone in ethanol 2- 10~* =2+ 10~% M; 2) 2-hydroxyacetophenone
in ethanol 10110 M; 3) 3-hydroxyacetophenone in ethanol 10 -2 10 T

* Deceased
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Furthermore t juga K i e ing a
et by e e e B e e Safbo, concsponiing & band.
in the spectrum of 3-hydroxyacetophenone but stronger (1.6 times) and displaced by 120 A in the direction of
long waves; it is also superposed on band ay of 2,5-dihydroxyacetophenone with a maximum at A 2500 A and

€ 11000, intercepting 1 portion of the absorption (Fig. 1, Curves 1 and 3) in the extreme ultraviolet. Band a;

of 2,5-dihydroxyacetophcnone has nearly the same intensity as band ay of 2-hydroxyacetophenone and is situated
40 A farther toward the long-wave region.

‘The absorption spectra of 2,5-dihydroxyacetophenone are unaffected by solvents: In water, ethanol, dichlo-

rocthane aid dioxane at the same concentrations, only slight shifts in the position of the bands and only slight
changes in intensity are observed (Table 1),

TABLE 1

@ band | ay b:
Solvents for 2,5-dihydroxyaceto- ‘*" |- bl
phenone (2+10~ —2-107% ) | x

Ethanol |

Water D | e
Dichloroethane 073525 | 8000 | 2550 | 18000
Dioxane ST 3590 | 6400 | 2540 | 11000

Methy! ethers of 2,5 -dihy d hoxy - (a), h hyd b)
and 2,5-dimethoxyacetophenone (c) were examined in ethanol at concentrations of 2 10°-2+ 10 M, m(/x )L'h ¥
tion  of 2,5 -dihydroxyacetophenone does not alter the character of its absorption spectrum but brings 2bor e
shift of the absorption maxima of band a; into the short-wave region: methylation of the hydrox l%n meust !
position results in a shift of 125 A; methylation of the hydroxyl in the 2 position results in a shift L 300 A;
ation of both hydroxyls brings about a shift of 335 A (Table 2). e

H_,C—(_}:O
o]
AN
| |
Hyc0” N H,co”
(a) (e)

W Such & large displacement of the band a, toward short waves in the case of 2-methoxy-5-hydroxy- and 2,5~
nga;noxyacmphsnone; is caused by the rupture of the hydrogen bond between the hydroxyls in the 2 position

and the oxygen of the carbonyl group, as had been demonstrated by N, A. Valyashko and Yu. S, R i

case of 2-methoxyacetophenone. & foum B the

TABLE 2

Compounds (1n ethanol solution)

2 5-Dihydroxyacetophenone .
- Hydroxy -5-methoxyacetophenone. - -
g-w?;moxy—ﬁ-bydm;yyacew&epm .

,5-Dimethoxyacetophenone . .

Solvents (water, ethanol, dichloroethane and hex i
, 3 ane) have little influence upon the absorpti
! t
of the ethers. Only a small displacement of the maxima of the az bands of 2-methoxy -5-h d‘::::( ‘:n spe:m
in dichloroethane of 180 A and of 2,5-dimethoxyacetophenone in hexane of 125 A toward r{ e
(concentration of 210 = —2.10"% M) is observed, the shorter waves

043R0004000500

TABLE 3

" |_agband | a'yband

Compounds Solvent s \ .
2-Hydroxy~5-methoxyacetophenone 2540 | 10000 | 2250 | 45000
Ditto 3600 2565 | 8000 | 2265 | 45000
2-Methoxy-5-hydroxyacetophenone 2510 | 11000 | 2270 | 16000
Indication of
. an tnflection

hoxy -5 Di 3260 250 | 20000 | — | —
2,5-Dimethuxyacetophenone Water 000 2300 | 20000

5
Itto {chl 5000 2235 | 20000
Blite Rihicroethane 10000 | 2430 | 16000 | 2230°| 50000

Consequently the examination of the absorption spectra of 2,5-dihydroxy acetophenone and its methyl
ethers in neutral solvents shows that neither methylation nor the action of solvents substantially alters the char-
acter of the absorption spectrum of 2,5-di y The ion spectrum of 2, -
acetophenone in ethanol solution does not change on addition of § mol. HCI and 100 mol; sodium ethoxide.
This indicates the poor reactivity of its carbonyl group.

Isomeric 1 ethers of 2,5-dihy in solutions of sodium ethoxide, Monomethyl
ethess of 2,5-dihydroxyacetophenone can form salt-like compounds only at the unmethylated hydroxyl:

i i
AP Ny OCHs
Na+, | Na+

Lo N

( HC—C=0 - H,C—C=0

This enables us to study spectrographically the properties of each hydroxyl separately.

ydroxy was i igatéd in ethanol at of 291032107 M in
presence of 1, 10 and 100 mol. sodium ethoxide. Addition of only 1 mol. sodium ethoxide in ethanol at a con=
centration of 2+ 10~ M leads to formation of a sodium salt, and the edge of the absorption band is shifted to
the extent of 450-500 A toward the long waves; dilution with ethanol leads, however, to complete alcotiolysis
of the salt (Fig, 2, Curve 3). Addition of 10 mol, sodium ethoxide results in suppression of alcoholysis on dilu-
tion, but the. az band does not develop fully, and only in presence of 100 mol. sdium ethoxide is a broad ap
absorption band of 2-hydroxy -5-methoxyacetophenone in the form of a salt developed with a maximum at x
3850 A and ¢ 10000; this maximurm is 275 A farther into the long-wave region than the maximum in neutral
ethanol; the long-wave edge is 450 A farther into the long-wave region (Fig. 2, Curves 2 and 1). The character
of the change in the absorption spectrum of 2-hydroxy in presence of caustic alkali
s identical with the effect of alkali on 2-hydroxyacetophenone, Conjugation of the methoxy group in the 5
position with the carbony] group and the benzene ring is matked by a bathochromic effect.

The action of caustic alkall is not limited to salt formation. It is possible that the sodium atom functions
a5 a hydrogen bridge in the formation of a hydrogen bond between the carbonyl group and the hydroxyl in the 2
position. o with metals [5] showed the possibility of formation of an
{nuramolecular bridge with alkali, alkaline-earth and heavy metals, The structute of the salt of 2-hydroxy-5-
may be rep d by the formula:
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25000

10000

4000

1600

640

250

100

anol 2+1073-2+ 107 M + 100 mol.
073-2-10" M + 10 mol.
~2-10" M + 1 mol.

Fig. 2. 1) 2-Hydroxy-5-methoxyacetophenone in eth
NaOGyHg; 2) 2-hydroxy-5-methoxyacetophenone in ethanol 21
NaOG;Hs; 3) 2-hydroxy -5 -methoxyacetophenone in ethanol 2+107
NaOG;Hg; 4) 2-hydroxyacetophenone in ethanol 1072-107 M + 10 mol. NaOGHg; 5) 2-
hydroxy -5 -methoxyacetophenone in ethanol 2.109-2-10° M.

The existence of an inamolecular sodium bridge in 2-hydroxyacetophenone is also indicated by the in-

vestigations of Hantzsch [6).
was i in ethanol at concentrations of 2+ 10~

The isomeric y
31075 M with addition of 10 and 100 mol. sodium ethoxide; the resultant curves of the absorption spectra of

e sodium salt of 2-methozy -5-hydroxyacetophenone were similar to those of the original substance, but the
Imaximum was at \ 3700 A and € 6400, 300 A nearer the long-wave region than the spectrum of the solution
in nieutral ethanol (Fig. 3, Curves 1 and 2).
In the present case the salt is formed at the hydroxy group in the 5 position, and the change in the spectrum
in the case of 3-hydroxyacetophenone. The con-

under the influence of caustic alkali is identical with that
arbony! group and the benzene ring exerts a bathochro-

jugation of the methoxy group in the 2 position with the o
mic effect.

2,5-Di in aqueous and alcoholic solutions of caustic alkali, Aqueous and alcoholic

of 2,5-dihydroxyacetophenone,

solutions of alkali exert a much greater influence upon the absorption spectrum
since both hydroxyls participate in salt formation. Its solutions become deep yellow, orange and brown. 2,5-
i as i in water at ions of 2-107~2- 10 M with addition of 10

Di

2nd 100 mol. sodium hydroxide. Addition of 10 mol.sodium hydroxide sharply changes the characte of the ab-
sorption spectrum of 2,5 ~dihydroxyacetophenone (Fig. 4, Curve ). The a, band, with 2 maximum at A 3800 A
and € 2000, is shifted 250 A toward the long-wave region and is 3 times less intense. This a; band becomes
ven broader after addition of 100 mol. sodium hydroxide; its maximum is then at A 4080 A and ¢ 1600, and it
-wave region with a slight lowering of intensity (Fig. 4, Curve 1). The absorp-
tophenone in water in the region of minimum absorption has superposed on it,
both in presence of 10 mol.and of 100 mol.sodium hydroxide, a new absorption band ¢ with 2 maximum at A
2850 and 2960 A and € 7000, corresponding to the hydroquinone band. The ay band, on the other hand, is shified
‘oward the short waves by 395 and 325 A, and the intensities are increased by factors of 1.25 and 1.6 respectively.
The absorption bands in alkaline solutions are broader and shallower, indicating superposition of some of the bands.

is displaced 280 A nearer the long
tion spectrum of 2,5 -dihydroxyace

043R0004000500

48004400 4000 3600 3200 2800 2400 A
100000

40000

16000

6400

2500

1000

400

i
/

Fig. 8. 1) 2-Methoxy -5 -hydroxyacetophenone in ethanol 2 107%-2-1075 M + 100 mol.
NaOG;Hg; 2) 2-methoxy -5-hydroxyacetophenone in ethanol 2 103-2.10" M + 10 mol.
NaOG,Hg; 3) 2-methoxyacetophenone in ethanol 10721074 M; 4) 3-hydroxyacetophenone
in ethanol 10”=3-10" M + 100 mol. NaOC;Hs.

4600 4200 .@YM 3400 3000 2600 2200 A

400

160

1.8 60

Fig. 4. 1) 2,5-Dihydroxyacetophenone in water 210421075 M + 100 mol. NaOH;

9) 2,5-dihydroxyacetophenone in ‘water 2+ 1042+ 10*M + 10 mol. NaOH; ; 3) 2-hydroxy -
acetophenone in ethianol 10?~10 M + 100 mol. NaOH;4) 3-hydroxyacetophenone in
ethanol 107~2-10"% M + 100 mol. NaOH.
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4600 4200 3600 3400 3000 2600 22004

L |

2.8

2.4

2.0

Fig. 5.1)2,5-Dihydroxyacetophenone in ethanol 2- 10-2.10° M + 10 mol. NaOCyHg;
2) 2,5 -dihydroxyacetophenone in ethanol 2:10%-2-10 M + 1 mol. NaOG;H; 3) 2~
hydroxyacetophenone in ethanol’ 102 =107 M + 10 mol. NaOGyHs; 4) 3-hydroxyaceto-
phenone in ethanol 10 3 =310 M + 100 mol. NaOG,Hs; 5) methylhydroquinone in
ethanol + 10 mol. NaOGyHs.

The effect of sodium ethoxide is more strongly manifested in an ethanol solution of 2,5-dihydroxyace -
tophenone, At a concentration of 2° 10 M the presence of even 1 mol. sodium ethoxide causes salt formation
at the hydroxyl in the 2 position, but 10-fold dilution brings about complete alcoholysis (Fig. 5, Curve 2). At
concentrations of 2°10™~2+ 1075 M, 2,5 -ihydroxyacetophenone in ethanol undergoes alcoholysis on addition
of 10 moLsodium ethoxide, and salt is formed at both hydroxyls; the disodium salt of 2,5-dihydroxyacetophenone
gives a very complex absorption curve (Fig. 5, Cutve 1) in which the absorption bands are superposed.

H,C—C=0 H,C—C=0 J——

\ o
| W/ Na+ \/Y | et

HO oV

The absorption band of the salt of 2,5 -dihydroxyacetophenone at the hydroxy group in the 2 position has

2 maximum at A 3920 A and € 5000; subsequently, in the portion of the absorption spectrum between A 3600
and 2700 A a shallow absorption minimu is formed in the same position as the deep minimum in the spectrum
of the salt of 2-hydroxy -5 -methoxyacetophenone, since on the latter are superposed the absorption bands of the
salt at the hydroxy group in the 5 position with a maximum at A 3500 A and € 4000 and the ¢ band correspond-
ing to the band in the spectrum of the salt of hydroquinone with a maximum at \ 3125 A and ¢ 10000. The

ay band of 2, 6-dihydroxyacetophenone in ethanol in presence of 10 mol. sodium ethoxide at X 2600 A and ¢
20000.1s displaced 50 A toward the short waves in comparison with the a, band of 2-hydtoxy -5-methoxyaceto=
phenone in presence of 10 mol. sodium ethoxide, and it is 2.5 times more intense than the latter. The incom-
plete a'j band lies at A 2990 A and € 32000.

In presence of considerable amounts of caustic alkali, the carbonyl group cannot enter into conjugation
with the benzene ring and the hydroxyl groups; the stable ionic form of hydroquinone is formed:

043R0004000500

The ionic form of hydroquinone readily changes into quinone, resulting in the appearance in the absorp=
tion spectrum of the disodium $alt of 2,5-di of bands ing to the bands In the
spectra of hydroquinone and quinone. The ion band ic of quinone is superposed on the edge
of the ay band in the form of an inflection at A 4300 A and ¢ 5000. This character of the absorption curve of
2,5-dihydroxyacetophenone also persists after addition of 100 mol. sodium ethoxide to the ethanol solution but
this solution is very unstable and quickly darkens and deposits a dark-colored precipitate.

2,5-D y and its methy) ethers in concentrated sulfuric acid. 2-Hydroxy -5 -methoxyy,

h hydroxy - and 2,5 -dihy were ined in d sulfuric actd (d 1.84) at
concentrations of 2+ 108-2+10 M. These yellow solutions also start to absorb at X 4700-4850 A. They all
exhibited changes in absorption spectra, leading to strong development of an absorption band a; corresponding to
the a, band of in sulfuric acid (Fig. 6).

5000 4600 4200 3800 3400 3000 2600 2200 A

640

250

100

Fig.'6. 1) 2,5-Dihydroxyacetophenone in conc. HySOy 2 107-2-107% M; 2) 2,5-dihydroxy~
acetophenorie in 9.5% HySO, 2° 107 —2 107 M; 3) 2-hydroxyacetophenone in 63.4% H, SO, 10—
10~ M; 4) 3-hydroxyacetophenone in conc. H,S0; 10”10 M; 5) hydroquinone in conc. S04
6) acetophenone in ¢onc. HySOy.

TABLE 4

a, band

Compounds (in solution in
sulfuric acld d 1,84) a| e

2,5-Dihydroxyacetophenone l 3970
s g

fydroxy
2-Methoxy-5-hydroxyacetophenone | 3750
$¥iyaroeyacetophenone - )
2,5-Dihydroxyacetophenone (in
RS

2665| 9000
3575 2550 12000 | 2275
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Comparison of the curves of the absorption spectra shows and
its ethers are similar to the absorption spectrum of y d sulfuric acid, but they
differ from it and from the absorption spectrum of 2,5-dihydroxyacetophenone in ethanol by the strong develop=
ment of the as band, considcrably shifted toward the long waves, and by the increased intensity of the absorption
especially in the case of 2,5-di pation of the conjugation of the hydroxy and methoxy
groups in the 5 position is reflected on the curves of the absorption spectra in concentrated sulfuric acid by the af
and hyp effect in jwith the absorption spectra of 2,5~
dihydroxyacetophenone in ethanol and of in sulfuric acid, C ing, how=-
ever the absorption spectrum of 2,5-dihy in d sulfuric acid, ion leads
toahyperchromic =ffect, the methoxy group in the 2 position causes a 5= fold reduction in the intensity of its ay
band, while the methoxy group in the 5 position brings about a 3,3-fold reduction in intensity.

band and by the strong

The absorption spectra of 2,5-di and its isomeric ethers in
sulfuric acid differ from their spectra in ethanol by the formation of a new band at A 2830-and 2170 A. A similar
band is developed by acetophenone in concentrated sulfuric acid at A 2950 A and ¢ 22100 [7]. A band correspond -
ing to the absorption band of acetophenone in concentrated sulfuric acid was also found by N. A. Valyashko and
Yu, 5. Rozum [4] in the case of 2-hydroxyacetophenone in concentrated sulfuric acid at \ 2830 A and € 12500.

Formation in the absorption spectrum of 2,5 in d sulfuric acid of a band
corresponding to the acetophenone band appears to indicate that 2 proportion of the molecules no longer have their
carbonyl group in conjugation with the hydroxyls and with the benzene ring, whereas the two hydroxyls in the para
position are themselves conjugated with the benzene ring with formation of an absorption band corresponding to
the absorption band of hydroquinone in concentrated sulfaric acid with a maximum at \ 2850 A and ¢ 1250 (8],
located in the region of absorption of acetophenone in concentrated sulfuric acid.

Evalation of the Absorption Spectra of 2,5-Dihydroxyacetophenone

[n the molecule of 2,5-dihydroxyacetophenone, which gives an absorption spectrum corresponding to the ab-
sorption spectrum of 2-hydroxyacetophenone in ethanol but with weaker absorption bands, the carbonyl group may
be conjugated with the benzene ring and with one of the two hydroxyl groups separately, as was demonstrated in
the preceding communication with reference to 8,5 - and 3,4 For 2,
phenone the separate conjugation of each of the two hydroxyls with the benzene ring and with the carbony1 group
may be represented by the following scheme:

o-conjugation 1,2 m-conjugation 1,5 (1,3)

From the position of the a; absorption bands (A 3250 A in the case of 2-hydroxyacetophenone and A 3110 A
in the case of both ions are energetically very similar: 1.2- 92 keal/mol. and
1.5-88.5 keal/ mol. [9]. Both conj in the case of and3 form
absorption spectra of one type, very similar among themselves, but the spectrum of 2-hydroxyacetophenone differs

_from that of 3-hydroxyacetophenone by virtue of the strong development of the bands, of the displacement toward
the longer waves, and of their higher intensity. Consequently in the case of 2,5-dihydroxyacetophenone the ab-
sorption spectrum corresponding to the spectrum of 2-hydroxyacetophenone predominates, and under the influence
of the 1,5 -conjugation it undergoes further development, mainly at the a, band, the latter being also more in-
tensely absorbed and displaced toward the red.

This feature of conjugation of the carbonyl group with the benzene ring and one of the two hydroxyls persists
in 2,5-di 2-hydroxy hoxy- and in various solvents,
in sodium ethoxide and concentrated sulfuric acid. This conjugation is partly suppressed in aqueous and alcoholic
solutions of caustic alkali, but conjugation of the two oxygen ions in the para-position is additionally developed
with formation of bands corresponding to the hydroquinone bands, while in alcoholic solution the quinone band is
also formed. Concentrated sulfuric acid strongly polarizes the molecules of 2,5-dihydroxyacetophenone and its
monomethyl ethers, heightens the 1,2 and 1,5 conjugations and partly suppresses the latter with supplementary
formation in the absorption spectra of the absorption bands of and hy in
sulfuric acid.

318
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SUMM ARY

1. The ultraviolet spectra of 2,5 -dihydroxy -, 2-hydroxy hoxy =, 2-methoxy -5 -hydroxy -
and 2,5-dimethoxyacetophenones were investigated in solution in water, ethanol, dichloroethane, hexane and
dioxane, in aqueous and ethanolic solutions of caustic alkali, and in concentrated sulfuric acid.

2. The absorption spectra of 2,5-dihydroxyacetophenone and of its methyl ethers were a complex and cor-
respond to an absorption made up of separate conjugation of the carbonyl group and of the hydroxy and methoxy
groups in the 2 and 5 positions with the benzene ring.

3. These 1,2 and 1,5 conjugations are fairly stable and persist in different solvents and in presence of
aqueous and ethanolic solution of caustic alkali and in solutions in concentrated sulfuric acid,

4. The conjugation is only partly suppressed in caustic alkali solutions and the latter lead to develop-
ment of a new conjugation of the para -hydroxyls with the benzene ring, while concentrated sulfuric acid
gives rise to an additional conjugation ing to in sulfuric acid.

5. The presence of a hydrogen bond between the oxygen of the carbonyl group and the hydroxyl in the
2 position was ished in 2,5
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ENTHALPIES OF FORMATION OF COMPOUNDS OF ZINC WITH ANTIMONY

S. A. Shchukarey, M. P. Morozova and Yu. P. Sapozhnikov

A number of adithors [1, 2] have investigated the system zinc -antimony by various methods of physico~
chemical analysis. The existence of three separate compounds, ZnSb, ZngSby and ZngSby, has been estab
lished in this system. The last compound corresponds to the highest melting point.

Oelsen and Middel [3] obtained the enthalpy of formation of ZnSb by the method of direct determina -
tion of the heat of mixing of the two metals. The value found was —3.6 kcal/mole.

We prepared the compounds ZnSb and ZngSby by prolonged fusion of the components taken in the ap-
propriate stoichiometric ratio. Fusion was performed in a quatz test tube in an atmosphere of pure argon
at a temperature up to 900° with frequent shaking, The alloys were cooled in the furnace for 8-10 hours.

Chemically pure metals, tested by spectroscapic analysis, were utilized for preparation of the alloy.
Analysis of the prepared alloys showed that the original composition is substantially unchanged by melt-
ing. Te lizes of the free comporents were not detected on the X -ray diagrams if the alloys were held
at high temperature for a sufficiently long period (8-10 hours). The x-ray diagrams of both products re
flected the individuality of their structures.

The enthalpies of formation of both compounds were found by calorimetric determination of their
enthalpies of reaction with hydrochloric acid. As in the case of determination of the enthalpies of forma-
tion of MgySby [4] and LiySb (5], the hydrochloric acid for the calorimetric experimenits was first reacted
with a small amount of the preparation under investigation, so that it contained highly dispersed metal-
lic antimony in suspension, In the present case stibine was not formed in appreciable amount (metallic
antimony catalyzes its decomposition) and the reaction of the preparation with hydrochloric acid proceeds
quantitatively according to the equation:

ZngSbycryst, + BHClyq = 3Z0Chaq + 2beryst, * SHagas,
ZnSberyst, + 2HClyq = ZnClagq + Sberyst, *+ Hagas.

The procedure for the calorimetric experiments has already been described [5]. All the measure~
ments were performed at 25°.

The enthalpies of formation of ZnSb and ZngShy were found as the difference between the en-
thalpy of reaction of metallic zinc with the acid and the enthalpy of the reaction with acid of the com~
pound.

The value found for the enthalpy of reaction of zinc with hydrochloric acid was ~38.9 keal/g-atom.
The compound ZngSby reacts rapidly with hydrochloric acid: the main stage of the calorimetric experi-
ment is completed in 15-20 minutes. The enthalpy values found in three successive experiments were
~68.0, ~68.4 and —69.7 keal/mole, giving a mean value of ~68.7* 0.7 keal/ mole. Deducting the above
value for the enthalpy of solution of zinc (~38.9 kcal/g-atom) we obtain for the enthalpy of formation
of ZngSby the value of =48.0 ¥ 1.3 keal/mole.

3]

+ 25beryst, = ZngShygyy +48.0 + 1.3 keal.

Z0cryst,

The compound of Zn with Sb corresponding to the formula ZaSh reacts very much more slowly with
hydrochloric acid, so that the main stage of the calorimetric experiment is prolonged and its accuracy is
decreased.
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The mean value of the heat of reaction based on four successive experiments Was ~21.1% 1,8 keal/
g-mole; hence the enthalpy of formation of Zasb is ~17.8 + 9.5 keal/mole:

= ZnSb, +17.8% 2.5 keal.

+ Sby cryst.

Zngryse, * SPeryst.

The values found by us for the enthalpies of formation of ZnSb and ZngSb differ very considerably
from the values of Oelsenand Middel [3]. This is probably due to the low rate of reaction of zinc with anti-
mony and the short period during which the metals were at a high temperature during the calorimetric ex-
periments of these authors, so that the metals could only react (© a slight extent. This explanation qppears
extremely probable in the light of data (6] for compounds of magnesium with tin and silicon, and ako in
the light of our observations of the need for prolonged holding of the atloys at high temperature in order t0
ensure completeness of reaction of both metals, Unfortunately, a considerable proportion of the thermo-
sl dota characterizing intermetallic compounds has actually been obtained by direct determination
of the heat of mixing, and this renders them very untrustworthy.

The literature data for the enthalpies of formation of antimony compounds of zinc and cadmium, &
obtaired by different authors, differ very widely. Biltz and Haase [7] found values of =3 and—4 kcal/mole
for the enthalpies of formation of Cdsb and CdySby, while the corresponding values of Seltz and de Witt
[8] were —3.25 and 1.8 keal/mole. The enthalpies of formation of the oxides, halides and sulfides of
wine and cadmium, also of their salts with oxygen-containing acids, etc., are all of the same order.

From this standpolnt it is of interest to obtain more accurate values of the enthalpies of formation
of GdSb and CdgSby; it requires o be established whether the values found for them are the result of ex~
perimental errors o whether the laws of change of magnitude of the enthialpies of formation of salt-like
nd intermetallic compounds in one and the same subgroup of the periodic system can indeed be so dif-
ferent.

Dehlinger [9] indicated in 1953 that when an intermetallic system is formed by two metals differ-
ing in chemical character, the maximum of the heats of formation (per mean gram -atom) will lie at
ke compound corresponding to the normal valences of the components; on both sides of this peak the heats
of formation change linearly with the composition. Dehlinger thinks this behavior s due to the chang:
ing contribution of the bonds to the ionic character with change of composition. We suspect that this
linear dependence may be amenable to & more general interpretation not involving any hypothesis about
the character of the bond, which cannot always be at all refiably determined.

In a compound whose formula corresponds to the normal valences of both metals, all the bonds
that can be formed by their atoms are saturated with atoms of the second component, L.e. the lattice 1y
substantially held together by hetero bonds (bonds between atoms of different elements. In the case of
the ab foned change of fon, bonds between atoms of differest elements are present at
well as bonds between atoms of the same element, i.e. the same bonds as ir. simple substances.

If we assume to  first approximation that the energy of these bonds i the same as correspond-
ing atoms, they would ot make an appreciable contribution to the value of the enthalpy of formation
of the compound.

If this assumption s correct, then, in the case of ZngSb, and ZnSb, the enthalpy of formation of
the second compound stould be about 1/3 of that of ZngSbs. (In ZagSby all 6 valence electron: of the
two atoms of antimony are linked to zinc atoms, whereas in ZaSh only two electrons of the antimony
atom can form suck bonds.) Actually, 1/3 of the AH of formation of ZngSh, amounts to ~16.0 keal.
While the AH of formation of ZnSh, as determined experimentally, is —17.8% 2.5 keal. The mutual
influence of the bonds must of course lead inevitably to a more complex dependence of the enthalpy of
formation on the composition. In real systems we can expect only a more or less rough approximation
to the dependence discussed above, whereas in the system Zn-Sb the dependence it quite prozounced.

Thus, whes the maximum of the enthaloy of formation cerresponds to the compouzds with normal
yalences, the enthalpies of formation of cther compounds of the same elements must ke close to the
enthalpies of formation of mixtures of this most stable compouad with the correspording element. This
similarity between the enthalpies of formation of individual compounds and mixtures of elemeats with
other compounds in a system of two metals s perhaps one of the causes of the frequently observed large
number of ther ically stable comp intermetallic systems.
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In nonmetal-metal systems the transition from one compound to another is usually associated with
a fairly sharp change in the nature of the chemical bond, with the development of new valence states
which place some of the possible compounds energetically in an especially favorable position and ex-
clude other forms which cannot compete energetically with the former, In intermetallic systems, on
the other hand, the valence states of the components evidently do not change appreciably with change
of composition of the compound, and the nature of the chemical bond does not change sharply with com
position.

A second cause of the plentifulness of thermodynamically stable forms in intermetallic compounds
s their existerce, like the metals themselves, in the crystalline state, so that the difference between the
entropies of any one compound and a mixture of this compound with the corresponding element is small.
At the same time a factor that results in thermodynamic instability of, for example, many higher oxides,
halides and nitrides is absent; that factor is their decomposition into a compound of lower staté and a
Volatile nonmetal, the process being accompanied by a considerable rise in entropy. Now this energetic
and entropic comparability of intermetallic compounds and their mixtures, and also of their mixtures with
atoms, is possibly one of the causes of the great influence of temperature upon the number of stable forms
of compounds which is actually encountered among intermetallic compounds.

The same factor is also partly responsible for those profound differences between the properties of
quenched and tempered alloys which are so frequently utilized in practice. Unfortunately, as observed
above, we still lack adequate and reliable thermodynamic data for intermetallic systems. This hinders
their systematization and generalization,

Still more limited is our knowledge of the values of the entropies of intermetallic compoun

SUMMARY

1. The enthalpies of formation of ZnSb and ZngSb, were determined; they are respectively ~17.8%
£9.5 and ~48.0% 1.3 keal/mole.

9. A number of possible causes are discussed for the frequently observed abundance of thermody -
namically stable forms in systems metal-metal in comparison with systems metal-nonmetal.
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FORMATION OF SULFIDES BY REACTION OF FERROUS SULFIDE WITH
O XIDES OF METALS

II. REACTION OF FeS WITH SiO, IN PRESENCE OF CARBON

Zh. L. Vert and M. V. Kamentsev

It was previously shown [1, 2] that reaction between FeS, Si0p and C leads to formation of silicon
monosulfide according to the equation:

S0, + FeS ¥ 2C = SIS + Fe + 2C0. %)

The reaction,  which was investigated up to 1600°, starts in the temperature range of 1100~
1300° C and proceeds intensively at 1460° with vigorous evolution of volatile products, The metallic
iron formed during the reaction facilitates the reduction of silica according to the equation:

$10y + Fe + 2C = FeSi + 2CO. (2
Formation of ferrosilicon was observed at 1500° [1).

Even when the charge contained a considerable excess of FeS, formation of silicon disulfide was
not observed according to the possible equation:

SiOy + 2FeS + 2C = SiS; + 2Fe + 2CO. ®)
On the other hand, reaction of silica with aluminum sulfide [3] proceeds according to the equa -
tion:
2A1,Sy + 3510, = 2AL,0y + 35iS,, @
Silicon monosulfide is formed simultaneously if the reaction is performed in  graphite crucible 1],
evidently according to the equation:

3510y + AlyS; + 3C = ALy + 38iS + 3CO. (5)
The possibility of formation of SiS, by reaction of SiO; with FeS bas not previously been established.

With the objective of i of the jc constants of the silicon sul-
fides, we applied the same method as in the preceding communication [4]. The following were taken as
starting data [5):

(AHyan)g;s, = ~39-0 keal /mole; m.p. 1363° K and dg;s, 2.02 g/em®.

On the basis of the rule of additivity of the entropies of solid compounds [6], the entropy of SIS may
be assumed to be 8.0 e.u. (entropy units) lower than the value for SiS;. Here 8.0 is the mean entropy of
the sulfur atom, calculated from the entropies of ten different sulfides. The values of AH and S of the
silicon sulfides taken for the calculations are set forth in Table 1.

At high temperatures a part of the components of Reactions (1) to (5) is n the liquid state and part
is in the gaseous state. For calculation of the heat of fusion of the substances, which are not given in
thermodynamic tables, a value of 1.3 keal/mole was taken, and the heats of vapor formation were cal-
culated according to the Truton rule.
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TABLE 1

Values ofT hermodynamic Constants of siliconSulfides
Taken

Sulfide A Hagy Saon (€.0)
(cal/mole)

—28900 10.55
—39000 18.55

/ 21

P

—
#0000 1500 00 1900 2100°K

Kealy/mol,

8

Fig. 1. Change in free energy ofReactions 1,2,3,4.5,
6,7 (numbered as per text).

The change of free energy with temperature of the
reactions enumerated is plotted in Fig. 1 (the mumbers
antached to the plots correspond to the numbers assigned
to the reactions in the text). In addition, the dependence

of A® on T is shown for the possible secondary reaction:
9FeS + C = CSy + 2Fe, 6
and for the reaction in absence of carbon:
Si0, + 2FeS = SiS, + 2FeO. M

On the basis of the results of the approximate cal-
culations, the following qualitative conclusions can be
drawn. In the reaction between Si0y and ferrous sulfide
i presence of carbon, silicon monosulfide is first formed.
In the same temperature interval the accumulation of
metallic iron in the sphere of reaction leads to initiation
of the parallel formation of ferrosilicon, With further
ise of temperature this process is accompanied, starting
from 1850-1900° (1600° C), by formation of SiS;. By
contrast, in the interaction of 8§10, with ALOy the ex-
change reaction associated with evolution of SiS, pro~
ceeds in a lower temperature region than the formation
of SiS. Reactions (6) and (7) are thermodynamically
impossible under the reaction conditions.

EXPERIMENTAL

In order to investigate the reaction of silicon dioxide with Fes, two mixtures were prepared which cor-
responded to the component ratios in Reactions(1)and (3). Their chemical compositions, accounting for ad-
mixtures, afe given in Table 2, The quartz sand used in the experiment had the folloying chemical composi-
tion (in %): Si0p 98.62, A1yOs 0.85, FeOy 0.10, moisture 0.11; the characteristics of the Fe§ and petioleum
coke used, are given in [4). In both cases a 25-30% excess of carbon was used with respect to the amount neces-
sary for the basic reaction and for binding the oxygen of FeO and AlOs-

TABLE 2

Composition of Initial Mixtures

‘Molecular.ratics.and-welght %

‘Mixture
si0, | Fes | C©

Vi
Fo | FeO | ALO: | tiles

1 29.90| 43.77| 16.75
1.00| 100| 280

I 19.66 | 57.54| 1091
1.00| 200| 278

012 | 1.09
0002| —

016 | 0.74
0.005

The method of investigation was not different from that described previously [4). The experimental

conditions precluded the possibility that the carbon in

the charge might be oxidized by atmospheric oxygen,
"

and this was fil d by suitable i . After

the i was d, the residue in the crucible

was analyzed for content of Si +5i0, boric acid decomposables and in certain cases, iron. The content of Si§

and SiS; in the volatilized products was calculated by

loss of sulfide sulfur and silicon.
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Treatment of the reaction product with boric acid solution showed the presence of decomposable sulfides.
Their quantity in all the experiments was very minute (up to 3% of the initial sulfide content of the sample).
Calculation indicated that the decomposable sulfide was in the form of SIS which, due to various reasons, re-
mained in the reaction mixture; we therefore made a correction in the quantity of silicon dioxide that entered
the reaction. To the SiOy loss, determined by chemical analysis, was added a quantity of Si0; which corresponded
to the SIS content of the residue. (The weight of an equivalent amount of CO was accounted for in the caleula-
tion).

The difference between the total weight loss and the total weight of the volatilized S1S, $iS, and the
corresponding quantity of CO, characterized the degree of completeness of Reaction (2). The latter factor enabled
the determination of how much of the silicon remaining in the charge was bound with oxygen in the form of Si0p
and how much with iron in the form of FeSi. The discrepancey in the silicon balance did not exceed 1% with this
method of calculation. .

It is further necessary to consider the possibility of sulfide sulfur losses, not related to the formation of
5iS and SiS,. At high {zation of FeS, and of Fes and the formation of carbon
bisulfide according to Reaction (6) may occur. The thermodynamic probability of the later reaction taking
place, as the data of Figure 1 show, is minute.

The literature (7] gives data for the dissociation
pressure of FeS up to 1400° K, calculated on the basis
of experimental data [8], from which it is evident that
with increased temperature, change of the vapor pressure
of sulfur decreases, Moreover, in our experiments, FeS
proved to be a mixed fusion component, which greatly
decreased its activity, and, therefore, its dissociation
pressure, Several special experiments at 1600-1800° C,
performed with a mixture containing a large FeS (Si0p:
+FeS = 1:3.3) content did riot give a marked increase in
w0 1600, 4800 the sulfide sulfur loss with respect to the experimental
Temperature (%) results obtained with Mixture IL. Vaporization of Fe$
should be accompanied not only by sulfur loss but also
by a corresponding decrease in iron content.

1200

Fig. 2. Loss in weight of reaction mixture upon heat-
ing. 1) SiOp:FeS=1:1;2) Si0y:FeS = 1:2.
However, analyses showed that within the margin
of experimental error, the iron content of the reaction
product corresponded to the initial quantity, Al this enables us to assume that the sulfide sulfur loss is caused
by the formation of volatile silicon sulfides.

The experimental results from experiments in which the charge contained a molar ratio Si0p: FeS = 1:1,
are given in Figures 2 and 3. The curve of weight loss of the samples with respect to temperature sharply rises,
starting from ~1430° C. When this temperaturé is reached, fumes escape through the graphite pores of the crucible
and partially precipitate on the cold portion of the angular tibe of the Tamman furnace and partially escape
thiough the openig in the stopper, forming a white deposit on its inner surface. The temperature measurements
were sometimes hindered, but most of the volatile products exited by the upper part of the tube, enabling us to
view the thread of the pyrometer through the opening of the spring washer on the middle of the crucible. The
evolution of white fumes in the experiments performed above 1440* C, continued for 35-40 minutes, and then
the reaction quieted (in all the experiments, the charge was kept at the given temperature for 1 hour). The
curve of weight loss of the charge above 1500° C is almost horizontal and shows a slight rise only at 1800°.

The curve of the variation of the yield of Si$ with respect to temperature (Figure 3) also has the same
form as the above curve; there is a sharp jump in this curve above 1410° C.” When the temperature is further
raised from 1500 to 1800°%, the yield of SIS increases more slowly. This is due to the fact that a part of the
$i0, reacts according toReaction (2) with the formation of FeSi and the further formation of §iS proceeds ac-
cording to reaction:

FeSi + FeS = SiS + 2Fe: (8)
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Fig. 8. Variation of the distribution of silicon in the  Fig. 4. Variation in the distribution of silicon in the
reaction products with respect to temperature (SiGy:  reaction products with respect to temperature (SiOp:
tFeS=1:1), 1FeS=1:2).

The formation of ferrosilicon was noted, starting from 1400° C, Its content in the reaction products in
this series of experiments, reached a maximum at 1440°, after which is gradually decreased and fell to zero
approximately at 1850-1900° C,

Heating of the charge at 1800° caused the loss of ferrous sulfide (in moles) exceeding the quantity of
Si0; lost. Probably, a small quantity of SiS, formed at this : point.

The data obtained in experiments with Mixture II (SiO: FeS = 1:2) , are given in Figures 2 and 4, As
in the first series of expetiments, heating of the reaction mixture to 1420-1440°C caused the evolution of white
fumes. The weight of the charge sharply decreased in this temperature interval.

The yield of SiS up to 1600° C was the same in both series of experiments. The excess of FeS did not
affect the formation temperature of the monosulfide. Starting from 1620°C, the yield of Sis fell due to the
formation of $iS, the content of which was quite considerable in the volatilized products at 1700-1800°,

TABLE 3 The region in which ferrosilicon was Ppresent proved
o be i dent of the ion of ferrous sul~
fide: FeSi started to form at about 1400° and practical~
ly disappeared at 1900° due to the course of Reaction
(8). It must be noted that the completeness and rate
Componna Ty rr— of the latter process, apart from concentration, depends
o e CLICMPSIMS ) oot degree on the contact conditions of the to
liquid layers = that of the metallic fusion and the sul-
FeSi 1400-1420° fide slag.
Sis 1420-1450
Sis,y 1650-1700

Comparison of Calculated and n
Temperatures of Compounds in the System S0, —FeS—
-c

With respect to our thermodynamic calculations
for the system §i0; ~FeS—C, at a sufficiently high
temperature, formation of S{$ with Si§, , we-found,
is possible. In Table 3, a parison of the cal and i formation of FeSi, $is
and SiS, is presented. (By formation temperature, we mean the temperature at which the Ag of .the reaction is
edual to zero; by the experimental temperature, we mean the region of sharp rise of the curve of the yield of
the corresponding component). The value for FeSi is calculated for the case of the presence of free iron in the
initial mixture,

Taking into consideration the approximate character of the calcul ations, the agreement between the re-
sults may be considered completely satisfactory.
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SUMMARY

1. The reaction between Si0, and FeS in presence of carbon commences at about 1100°C,  Start
ing from 1450°, the reaction goes violently and is accompanied by evolution of the volatile sulfide SiS

regardless of the Fes: Si0, ratio,

2. It is shown that at sufficiently high temperature (above 1600, SiS, is formed at the same
time as SiS. The results of experiments in this direction confirmed the preliminaty thermodynamic cal-
culations.

3. Commencing from 1400° C, reduction of SiO, to metal is observed in presence of iron with
formation of FeSi. At a temperature above 1500° C, in presence of ferrous sulfide, the silicide decomposes

with formation of silicon sulfide.
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HYDROLYSIS OF SALTS

1. PERCHLORATES OF ELEMENTS DF/’X'HE SECOND GROUP}ﬁF THE PERIODIC SYSTEM

L. S. Lilich and M. E. Mogilev

If solutions are regarded from the standpoint of D. 1. Mendeleev (as chemical systeme formed by inter=
action of solvent with dissolved substance [1]), we should expect solutior to be accompanied by a change in
a number of properties not only of the dissolved substance but also of the solvent. The ctudies of A, Werner [2]
on aquo- and anhydro acids and bases point at a possible change in the solvent, ir. particular water, due to dis~
solutior: of electrolytes and some complex compoun

Developing the ideas of A, Werner and L. A, Chugaev, A. A. Grinberg [3] and his co-worker: succeeded
in establisking a relation betweer the electrostatic and polarizing property of components and the. properties
of the solvo-acids and bases formed.

In the present investigation an attempt is made to establisk, in the light of the periodic law, a relation
between the properties of aquo-acids (in the first instance, their strength) formed by hydration of some ions
and their chemical composition, The ideas governing our work in this direction are those stated by D. L.
Mendeleev about the periodic law as a universal law of chemistry [1, 4] ard its significance for solutions. To
quote his words [5]:

"It seems to me, although certainly not yet proven, that for the study of properties of even such com~
plex substances as solutions by comparison of the change of properties with change of equivalent or particle
weights, we must have an orderly system of complex substances similar to that available for elements on the
basis of their atomic weights.!"

elements of the second group of the periodic system. We chose perchlorates because the Ci0,” ion possesses
only a very slight tendency to complex formation [6], and in the present case complex formation would have
complicated the problem. Other advantages of perchlorates of elements of the second periodic group are the
constant valence of the cation (excluding mercury), their high solubility, ard the absence of precipitate from
the solutions.

As the first siage in our program of investigation we have studied the hydrolysis of perchlorates of

As the main criterion of the strength: of the aquo-acids formed, we took the change of activity of the
hydroger. ions in the solutions examined. In this connection we assumed that the scheme of dissociation of
these acids proposed by A. Wemner is perfectly adequate.

Many studies on hydrolysis of salts have appeared in the literature; there are, however, hardly any
systematic investigations with selected ions over a wide concentration range. The most interesting for our
purposes was the paper of Reiff [7] in which the author attempts to correlate the phenomena of hydrolysis of
some hydrated ions with their jonization potential, Although the author appreciated the importance of the
problem, ke did not pay sufficient attention to the role of anions, due to which some of his corclusions call
for revision.

Cupr and co-workers [8, 9, 10] made a study of the hydrolysis of perchlorates; however, these. authors
did not systematize their results. Some workers have studied the hydrolysis constants, but the value of their
results is limited by the narrow faterval of concentrations, which is bound up with the previously proposed
reaction mechanism.
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EXPERIMENTAL
we studied were prepared by reaction of perchloric acid

The perchloric acid was purified by the method that Yu. Karyakin
were of analytical grade. Solution of the ©

f perchloric acid. The solution with the pre-
es of heavy metal ions were pre~

The perchlorates of the cations which
with the corresponding oxides or hydroxides.
described  [11], and the oxides and corresponding hydroxides
oxides (hydroxides) was carried out in the presence of a  deficito
cipitate was evaporated down almost to dryness in a porcelain cup and trac
cipitated due to the presence of the alkaline medium.

1. the solution was filtered through a porous filter No- 4 and the filuate was
weakly acidified with perchloric acid, Qualitative tests for the presenc of CI°, SO, ™ and Fe** *ions gave
negative reactions. From this filizate, the perchlorate was obtained by 3-fold recrystallization (upot 1€p212
tion of the crystals from the mother liquor, it was sucked through 2 Buchner funnel in the course of reveral

After dilution with watel

hours).

Beryllium perchlorate was recrystallized without heating in a vacuum-desiccator over pROSPEOIC
anhydride. In two cases, the perchlorates were prepared by another method; thus, for example, zinc per
chlorate was prepared by the reaction of zinc sulfate (recrystallized several times) with an equivalent amourt
of pure barium perchlorate, and mercury perchlorate (If) was prepated by the reaction of vacuum-distilled
mercuric chloride (I1) with silver perchlorate (recrystallized several times).

s a result of the work, it was clear that the general method which we selected for preparing the per-
chlorates was quite satisfactory for our purposes.
repared from Mac Innes glass as V. A, Pekelin described

The ph was measured by a glass electrode, i
+ mixtures in the pH interval 2-8.

[12]. Calibration was carried out with the aid of buffe In more acid solutions
the ealibration was performed with perchloric acid of a given concenuration, taking into account the average
activity coefficient of the hydrogen ion [13]. The glass electode was located ir. the same vessel ag the solu-
tion, and it was connected to a saturated calomel electrode through an intermediate solution (saturated solu
tior. of NaNOg). The ical cell was Lly regulated in an oil thermostat at a tempera-
fure of 25 & 0.1°, Measurements were taken with the aid of a potentiometer, type PPTV -1 and a specially
constructed amplifier which worked on the principle of the Wheatstone bridge with pentode 6Zh1Zh. The
sensitivity of the galvanometer was 10 A/ mm, and the sesitivity during measurements was 0.1 mV. Equi-
librium was considered to be established if the measurements did ot diverge more

than 0.2 mV.

The figures given for the hydrogen-iol
uwation of which in our case was very difficult.
ceen as follows. The results which we obtained, as a rule, coincided with the literatute data
there was good agreement with the data of Reiff [7], who in determining the hydrogen ior. activaty by measur
fug the e.m.{. (in the presence af diffusion potential) as well a5 by a polarization method, came to the ¢
lusion that even in concentrated solutions there is a satisfactory agreement in results. Moreover, we con-

sidered that for the given problem of comparing pH magnitudes with:espect to solutions of the same composi
ng ions of approximately the same ‘mobility (the exceptions are Be** and Hg**, on which

ble evea if these values diverge from the real otes.

n the course of 1 hour,

n activity are given without taking into account the diffusion
The possibility of such an allowance Was

potentials, the eval
particular,

tion, and contal
there is no data), the suggested approximation is permissa
ht and their concentratiors are expressed as molarities ()
Less concentrated solutiors were prepared always by dilution
nwated. Analysis of the initial substances and the iritial solutions was performed only ot
performed according to the methods described by Gillebrant and Lendel (14
osphate metkod, Ca= by the permanganate
de method, Cd~by weighing the sulfate,and

().

All the solutions were made up by weigt
We used twice distilled water with pH 6.8-6.95.
of the more conce
the cation, The analysis was
Be ~ by the method of weighing the oxide, Mg — by the pyroph
d, St and Ba by the sulfate method, Zn~by the ferrocyan

metho
Hg~by the thiocyanate method.
ts are given in Figure 1 azd in Tables 1 and 2, from which it ic fist of all

Our resulting measuremec!
the acidity of the solutio

¢ that as the concentration of the perchlorates increases,
as for example, mercury perchlorate, it reached the magnitude  characteristic of

evident in all cas
creases. In somé cases,
strong acid solutions, This, urdeubtedly, is of interest from ¢

o reasons for the increased acidity, in our opinion, is very difficult since along with
¢ ever decreasing quantity of water molecules, upon

Anexposition of
the increase of concentration of the centers that act on the

332

theoretical as well as the practical standpoint.
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lncrea{se of the salt concentration, a whole series of complex reactions takes place which lead to polymeriza-
tion of the cations (15, 16), complex~formation, change of coordination number etc.

l;ig, Lh Variation of pH of solutions of perchlorates of Be, Mg, Zn, Cd, Hg, Ca, Sr, and
a with respect to concentration. 1) Ba(ClOy) g; 2) S{(Cl0g; "4y Mg C

: 0ri 3) Ca(ClOg); 4) Mg(ClOgy:
5) CA(CIOy)y; 6) Be(ClOg)y; T) ZN(CIOy, 8) HYCIOP,. o

" 00 - :
U W W 4w 50 60 0 80 Z G Hg 00 Zn 50 0 6z Hy 2

Z:Em zm Vau;ticn of pH of perchlorate solution with the Fig. 3. Variation of the hydration energy (L) and the
¢ number of the element. 1) molarity 0.2; 2)  ionization porential (Z1) with the atomic number of
molarity 1.0. the element.

- m:l is lesdpecxally interesting to compare the acidity of equimolar solutions, since, according to A. Werner,
a gnitudes have a great effect on the degree of interaction between the dissolved substance with the sol-
vent. f;guxc .2 gives these magnitudes as a function of the atomic number of the cation. The curves obtained
are qu.ne. sin"ulal' to those of ionization potentials of elements and heats of hydration of cations [17] (Fig. 3).
This similarity is most pronounced in the regular course of the curves for alkali earth elements and (heg{rle 'ulz
course of the curves upon inspection of the subgroup Be, Mg, Zn, Cd, and Hg. e



TABLE 1

Ca(CI0), SHCION

P M

S@ oo
FETISY
anBkez

TABLE 2

Be(CIO) | Mg(CIO) Zn(CI0N)s Cd(CI0) Hg(CI0):

pH PH

The assertion of certain authors [18] that for normally dissociated zinc, cadmium and mercury salts,
hydrolysis is greater in passing from zinc to mercury, is incorrect.

The curves showing the sum of the ionization potentials, heats of hydration and pH of solutions of in-
vestigated elements, clearly indicate the phenomenon of secondary periodicity, first noted by E. V. Biron
[4, 19-22]. This curious fact of the similatity of the above curves primarily indicates that ee of de-
formation of the water molecules primarily depends on the ionization potential of the cation to which the
water molecule attaches itself, thereby lessening the internalenergy of the former. As we know, the similarity
between fonization potentials and heats of hydration was noted also by Bemal [23). The absence of complete
parallelism, undoubtedly indicates the more complex nature of the described phenomena and their dependence
on other magnitudes relating to the ionic radius, the effective nuclear charge and the structure of the atom.

The considerable change in the water molecules, as a result of solution of the cited sallts, is reflected

in the properties and energetics of the solvent and the solute, making it necessary to take these factors into
consideration when studying the properties of these substances.

SUMMARY

1. The acidity of aqueous solutions of perchlorates of cations of the second group of the periodic system
of elements rises with increasing concentration,

2. The acidity of equimolar solutions of perchlorates of the investigated cations changes in parallel

with the change of their fonization potential, due to which the development of secondary periodicity (closely
ated with the fonization potential) is also mani in the hydrolysis of these salts.
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3. The phenomena described above can be explained by the concept of aquo-acids which are formed
by hydration of the ions.
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HYDROLYSIS OF SALTS
1. HALIDES OF ZINC, CADMIUM AND MERCURY
L. S, Lilich and Yu, S. Varshavsky

In the preceding communication [1], which dealt with the hydrolysis of perchlorates of elements
of the second group of the periodic system, attention was drawn to a relation between the fonization
potential of the elements and the acidity of their perchlorate solutions. It was also pointed out mat per
chlorates were actually selected deliberately for the investigation in order to rule out the influence of
complex formation on the hydrolysis of those salts. For theory and practice, however, no_less faterest
s attached to the study of the influence of anions upon the hydrolysis of salts; in the present investiga -
tion we have therefore attempted to clarify the influence of anions of halides of the same Group Il ele-
ments, which are characterized by interaction with the anions in question (Hg, Cd and Zn).

Anions of halides are also convenient objects for study in that they permit a correlation of hydrolysis
with the periodic law not only in regard to cations, as was already done [1], but also in regard to anions.
Special attention is given here to the hydrolysis of zine salts because the behavior of zinc toward halide
fons has not previously been fully clarified, and the solubility of its salts enables an investigation to be
undertaken over a wider range than for the other two ions.

A systematic study of these salts (also  of perchlorates) has been made by Reiff [2). This
author, however, drew some faulty conclusions from his work due to erroneous concepts of the influence
of anions.

EXPERIMENTAL
The method of determining hydrogen ion activity was described previously [1].

Zine chloride was prepared by two methods: by vacuum -distillation of chemically pure ZnCly

[3] and the method described by Yu. V. Karyakin [4]. Zine bromide was prepared by dissolving chemical-
ly pure zinc oxide in hydrobromic acid [5). Zine lodide was prepared by the method described by Yu. V.
Karyakin [4]. Zinc nitrate was purified by 3-fold recrystallization of the chemically pure compound.

Cadmium chloride was prepared from cadmium carbonate which in its turn, was prepared from
cadmium sulfate by precipitation with hydrogen sulfide, solution of the sulfide with hydrochloric acid,
and finally, by precipitation of CdCOg by means of (NHg;COs. After the compound was dried, cadmium
ehloride was vacuum-distilled (1 mm at 700°). Cadmium bromide was prepared by the same method and
was purified by vacuum -distillation.

Cadmium fodide was purified by repeated recrystallization of the chemically pure compound, since
it showed signs of decomposition during distillation.

Mercuric chloride (IT) and bromides (II) of mexcury were prepared from mercuric oxide of aralytical

grade, by solution in chemically pure hydrochloric or hydrobromic acids; after drying over P05, the resulting
crystals were vacuum-distilled in the same manner as cadmium chloride. The mercuric fodide (If) used was

of analytical grade.

Analyses of all salis other than nitrates were performed for the cation and anion. The results agreed
with the stoichiometric ratios within the range of experimental error. The halogen ion was determined by
potentiometic titration by means of Hgi(NOglg, and the iodine — by means of AGNOs by the method that
Koltgo described [6]. The cations were determined in the same manner as in the precedifig work [1].
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Our results are given in Figures 1-5 and in Tables 1-3. From Figures 1-3, which give the varlation of
the pH for the above salts with respect to their molar concentration, it is evidentithat as thelt concentration in=
croases, the acidity of the perchlorate as well as the halide salts of "he above elements, Increases. A similar
phenomenon was noted by E. Newbery [8). The explanation of this is, probably, the same as was glven pre
viously [9].

Figures 1-3 show that in all three cases, the perchlorates of the corresponding elements always give &
more acid reaction, at comparabl than the ing halides. Therefore, the belief of
various authors [] that the acid reaction of the zinc salts is caused by complex-formation, is erroneous, since
{n the case of the perchlorates there is a more acid reaction than in the case of the halides, Similar phenomena
were noted in cases with aluminum [9), iron [10] etc.
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Fig. 3. Variation of pH with concentration for Hgly (1), HgBra (2).
HgClp (3), HEC100) (4)-
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We believe that Werner's theory accounts for the above fact since the anion that attaches itself to the
central fon primarily affects the charge of the latter, thus greatly alering the strength of the bond between the
complex ion and the solvent molecules, entering into the inner sphere of the complex. The degree of deforma-
tion of the solvent molecules is thus altered, i.e, the strength of the aquo-acid. The explanation of the effect
of the anion and the concentration given by Reiff [2], seems incorrect to us, since it contradicts the statements
of Werner [11] on aquo-acids, although Refff himself bases his argument Werner's theory.

T Measurement of pH by hydrogen electrode.
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. ,
n(ng), 3. Individual comparison of the acidity of equimolar solutions of halides of zi nc,lc.\dmx m and
3. y a fnate s
mercury establishe allelism between the stability of the complex formed between the cation and the
1 paral b it y of ¢ 0 cuve
respecryve anion and the acidity of the corresponding solution, Increase in the stability of the complex
| le D' a s "r¢ of ability series" is also reflected in the hydrolysis of the
ds to fall in acidity, and this "reversal of the stability series" is also
ads )

salts that we investigated.
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number of facts related to the solution of the above salts, For exa

nitcate differ greatly in acidity from solutions of the perchiorate (Figure 1), undoubzodly fndicates that side

~foumation, the acidity is determined by still other factors that are dependent on the
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omplex-formation, since the
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TT. p. = C. B. Translation pagination.

At a concentration, less than 4 M, the followin,

g relationship may be written for the halides of zinc:
ap+"10° = 0.30 2 +0.85 m(m = molarity);

or for low concentrations; ay+ - 10°= 0.85 7 (Fig, 4),

For zinc nitrate, this expression takes the following form ay+ *10° = 6,67 i (Fig. 5),

Similarexpressions were also derived by other authors [14-16],

SUMMARY

1. The acidity of solutions of halides of zinc, cadmium and mercury rises with increasing concentra-
tion,

2. A comparison of the acidity of equimolar solutions of perchlorates

with that of solutions of halides
of the above metals reveals that the halides are less acidic than the Pperchlorates. One of the main causes of
this is complex formation of the cations with halogens,
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DIPOLE MOMENTS OF SOME COMPLEX COMPOUNDS OF TITANIUM
AND TIN TETRACHLORIDES. VII

0. A. Osipov

The dipole moment is enormously important, as a quantitative characteristic of the polarity of a mole~
cule, for determination of spatial structure and for clarification of the nature of the chemical bond and the
matual influesce of atoms.

In the chemistry of complex compounds the determination of dipole momerts not only permits the
establishment of the spatial structure of the complex as a whole but also the spatial distribution of the sub-
stituents. The literature data on the dipole moments of complex compounds have been collected and sys-
tematized in the publicatior of L A. Sheka [1]. Somewhat earlier, a review paper devoted to the dipole
moments of inorganic  compounds have been collected and systematized in the publication of L. A. Sheka
[1]. Somewhat earlier, a review paper devoted to the dipole moments of inorganic compounds was published
(2]. Very few papers have been published on measurements of dipole moments of complex compounds. Most
of these relate to complex compounds of halides of titanium and tin.

Investigation of complex compounds of halides of elements of Group IV of the periodic system with
various organic and inorganic addends is not merely of theoretical interest, since it can have practical value
in organic synthesis. We know, for example, that the catalytic action of TiCl; and SnCl in polymerization
reactions is due to the formation of intermediate complex compounds of them with reaction components or
with activators (co-catalysts) of polymerization [3, 4]. From this standpoint the determination of the com-
position, structure and stability of complex compounds of halides of tin and titanium with diverse organic
compounds presents definite interest, The present paper deals with the determination of the dipole moments
of complex compounds of tin and titanium tetrachlorides with ethyl, isobutyl and isomyl esters of butyric acid
with the objective of clarification of their nature.

We employed the methods of physico-chemical analysis for of the composition of the pre-
pared complexes. We examined the viscosity, fusibility, electrical conductivity and density of the systems:
TiGl, ~CgH/COOC;Hg, TiCly—CsHCOOCyHs, TiCly ~CgHyCOOCsHyy, SnCly —CyHaCOOC;Hs, SnCli ~CsHyCOOCH,
and SnCl,~CgH;CODCsHy, as functions of the composition and at a series of temperatures. Our results showed
that TiCl forms compounds with one molecule of ester, while SnCl forms compounds with two molecules
of ester, These findings are in harmony with the results of previous investigations [5-7].

EXPERIMENTAL

The dielectric permeability was determined by the beat method at a frequency of 5+ 10° hertz in a
thoroughly sealed liquid condenser with cylindrical electrodes with a capacity of 15.5uuF. The cell was
calibrated against benzene ¢ ¢ = 2.2830) and against chlorobenzene (¢y," = 5.686). The substances used for

libration were thoroughly purified. were carried out at 20+0,1%  The density was determined
with a pycrometer with a finely graduated stem. The refractive index was determined with an Abbe refrac-
tometer equipped with a thermostatic device, From the dependence of the dielectric permeabilities and
densities on the concentration in benzene at 20°, the magnitudes of the polarization (Py) of the dissolved com-
plexes were found, and these values were extrapolated to infinite dilution (Ry). The dipole moments were

calculated from the formula: y = 0.012813 V(Pm D}

We determined the electrode polarizatior P, from the refraction of the complex compounds that we
investigated. We assumed that the atomic polarization was 15% of the molar refraction, as was assumed by
other investigators [8].
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In view of the fact that the prepared complex compounds of TiCl and SnCl are extremely di
he halide of

purify, we prepared benzene solutions of the complexes by starting from stoichiometric amounts of d
Ti or Sn and the appropriate ester,

Benzene ("cryoscopic” grade)
It was then dried for
he experiments

The substances used in the research were purified in the following manner:
was lept for several days over metallic mercury in order to remove any traces of sulfur.
a long period over metallic sodium, and finally distilled over sodium. The fraction taken for
had b.p, 79.9-80.1° at normal pressure, ¥ 1,5013, and i’ 0.8789. Titanium tetrachloride was kept for several
days over metallic me rcury and distilled over the latter through a special separator 1/5 filled with mereury.
The product purified in this manner had b.p. 136.4° (760 mm), d§’ 1.7273.

We prepared tin tetrachloride by the method of Lorenz [9]. The product was distilled over metallic tn in
order to bind traces of chlorine. After a second distillation a product with b.p. 113.4-114° and df° 2.2326 was ob-
tained.

The ethyl, isobutyl and isoamyl esters of butyric acid were washed with sodium carbonate solution and
dried with freshly calcined calcium chloride before being subjected to fractional distillation.

Fractions boiling in the following ranges were taken: 2 2
i D
C3H;COO0C;Hs 120.4-121° 0.8780 1.3930
CgH;COOC,Hy 156.6-157 0.8662 1.4035
C3gH7COOCsHy; 178.3-178.8  0.8672 1.4105
All the purified substances were stored in sealed ampoules. During the preparation of solutions, all pos-
sible precautions were taken to prevent access of moisture.
DISCUSSION OF RESULTS
Complex of titanium The complex compounds formed by TiCl, with ethyl,
isobuty1 and isoamyl esters of butyric acid are crystalline substances. The light-yellow crystals are highly soluble
in benzene, and they are decomposed by water, Melting points of complexes: TiCly* CsH;COOC;H; 108.0°;
TiCl - CgH;COOCH, 78.5° and TiCly CyH;COOCsH,; 70.3°.

The data show that the melting point falls considerably with increasing size of the alcohol radical in the
ester, A similar phenomenon was observed [10] during investigation of systems formed by tin tetrachloride with
esters of monobasic acids.

In Tables 1- are set forth the results of of the dielectric permeability (¢), density (d) and
the calculated values of the polarization (Py) of complex compounds of titanium tetrachloride with the ethyl,
isobutyl and isoamyl esters of butyric acid in dependence on the molar ratios of components, For the first com-
plex the polarization, extrapolated to infinite dilution Pyco, was 500 cc, while the deformation polarization
(Pp = Py + Py) was 76.5 cc. For the second and third these itudes were respectively 499 and
87.28, 496 and93.40 cc. We calculated the dipole moments from the orientated polarization (Pg = Pygy ~Pp)
by the above mentioned formula of Debye, and we obtained the following values: TiCl,* CH,GOOC;Hs 4.52,
TiCl, * G3H,COOG,Hy 4.46 and TiCly* CsH;COOCsHj 4.37 D. As we see, all three complex compounds have
very similar dipole moments.

Complex_compounds of tin tetrachloride. Unlike the titanium compounds, the complex compounds of
SnCl with the same esters are liquid at room temperature and show a great tendency to undercooling. The
data of Tables 4-6 characterize the dependence of the dielectric permeability, density and polarization of the
tin complexes on their concentration in benzene.

We determined the electronic polarization from data for the refraction of the complex compounds; the
respective values are 95,56, 112.42 and 119,20 cc.

In the case of the tin complexes we calculated the electronic polarization as the sum of the molar refrac-
tions of the components of the complex. We took the refraction of the Sn-Cl bond from the literature [11]. The
experimental data were found to be somewhat lower than the calculated ones; this is due to deformation of the
atoms entering the complex compound during formation of the latter from the components. The difference be-
tween the calculated and the experimental value is evidently  greater the more strongly the atoms are
deformed during formation of the complex.

043R0004000500

TABLE 1 TABLE 2
The Complex TiCly* CgH/COOC,Hs in Benzene The Gomplex TiCly* CyH;COOGH, in Benzene
500 cm®, R = 66.52 cm® Poo = 499 cm®, R = 75.89 cm®

.‘.,

Pm

00158 | Sesmn | o X .5094 | 0.8893
00200 X . X 0.8941
X ! . ] 0.9041

00251 | 2. .
00560 | 33587 | 09482
00500 | 2 - y 35202 | 09599
TABLE 3 4

The Gomplex TiCly+ CyH;COOCgHy, in Benzene The Complex SnCly+ 2CyH;COOG;Hs in Benzene
P, = 496 cm®, R = 81.55 cm® Pe = 988 cm®, R = 95.56 cm®

R

00075 | 24764 | 08864
00151
00290
00309 | 2. . 00200 090!
00427 09203 | 355 Y 20409 | 09281
00614 09338

TABLE 5 TABLE 6
The Gomplex SnCl * 2C5H;COOCH in Benzene The Complex SnCl * 2CyH;COOCgHy in Benzene
Pg, = 984 cm, R = 112.42 cm® P = 976 cm®, R = 119.20 cm®

K AEEEN

26502 | 0.8900 X 27552 0.8909
27439 | 08941 911 ) 2.8423 | 0.8959
34199 | 09102 864 . 31081 0.9052
37128 | 09I X 33012 | 0.9098

4.1687 09351

.9196
45004 | 0.9468 748 0.0320

For the first complex we. obtained a dipole moment of 6.52; for the second 6.44, and for the third 6.38 D.

We see that the three values ate very similar.

In Table 7 are set forth the values.of the dipole moments (1) of the complexes that we investigated, to=
gother with the literature values of the dipole moments of some other complex compounds of TiCl and $nCl
[12).

Table 7 also gives the dipole moments of the ponding organic les present in the
The last column shows the increase in dipole moment due to complex formation in the form of difference be~
tween the dipole moments of the complex and the polar component.

For complex compounds of the type of TICly" A or SnCly" A (where A is the organic molecule entering
into the composition of the complex), the rise in the moment (Au) was calculated as the difference u -y, while
for compounds with the formula SnCly 24, calculation was based upon the formula i -y |2, the assumption
being made that two molecules of the organic addend are arranged toward each other in the complex at an angle
of 90°.

We see from the data cited (Table ) that interaction of halides of titanium and tin with various organic
compounds leads to formation of complex molecules with a high polarity. The very large rise in the dipole
moment of the complex compound in comparison with the moment of the molecule of the polar component
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TABLE 17

B=b of
Compound VT

3.57—3.66 248—2.39
3.9 226

S5

+ 2CH4;700%H, .
- 2CH,COOCH, - . -
SnCl, + 2CH,COOC:Hy, - -

R

SLSRENEEN
EERERNS -

cannot be explained merely as a phenomenon of polarized interaction; it testifies to a profound chemical inter-
action between the components with formation of a new bond. Since, according to the data of a number of
authors [13-16], the dipole moments of titanium and tin tetrachlorides are zero, the differences between the
moments of the complex compound and of the polar component must be attributed to the development of a
new bond during complex formation (the donor-acceptor bond); this is accompanied by development of a new
covalent bond with a high degree of polarization.

A conspicuous featre is the constancy of the rise of dipole moments of the complex compounds of
titanium and tin chlorides with ethyl, isobutyl and isoamy1 esters of butyric acid that we investigated.

This constancy is evidence of the identical stabilities of the investigated complexes; it also suggests
that the size of the alcohol radical in the ester scarcely influences the stability of the complex. Confirmatory
evidence is provided by some literature data and our own data on physico-chemical investigations of similar
systems. N. S. Kurnakov and N, K. Voskresenskaya [5] compared the heats of mixing of SnBr, with ethyl for-
mate and ethyl acetate on the one hand with the heats of mixing of SnBr with isobutyl formate and isobuty ace-
tate on the other hand, and arrived at the conclusion that replacement of one alcohol radical by another is
scarcely reflected in the curve of heats of mixing.

We observed a similar phenomenon in the investigation of the heats of mixing of titanium tetrachloride
with ethyl acetate, propyl acetate and n-butyl acetate [17, 18].

Replacement in an ester of one alcohol radical by another likewise has little influence upon the magnitude
of the internal friction of the complex compound [10]. Thus, for example, the complex compounds of SnClg
that we investigated have the following values of internal friction at 30° (in centipoises): SnCly* 2CyH;COOC;Hg
16.55, SnCl,* 2CgH;COOC,H, 15.94 and SnCly* 2CsH;COOCsHy 16.80. We also observed a similar picture in
the case of titanium complexes.

However, as we have already pointed out above, increase in size of the alcoholic radical in the ester
leads to a considerable fall in melting point. This may be a consequence of the screening effect of the non~
polar hydrocarbon radical, It must also be remembered that increase in size of the acidic radical in the ester
results in a sharp fall in the coefficient of internal friction of the complex and of its thermal effect. Thus,
for example, in the series of complex compounds: SnCly* 2HCOOC;Hg, SnCly* 2CH,COOCH;Hg and ' _
SnCly* 2CgH/COOC;Hs, the viscosity at 25° falls from 71.97 to 19.31 centipoises [5). We may also note that
the dipole moment of the complex compound SnCl; 2CH;COOG,Hs is higher (7.3 D) [19] than the moment of
SnCly- 2G;H;CO0GH (6.52 D).

From what has been said, we can conclude that the degree of stability of the ester complexes of titanium
and tin is governed not only by the size of the hydrocarbon radical but also by its position in the ester. This in
turn leads to the hypothesis that the active factor that characterizes complex formation is probably the oxygen
of the carboxyl group in the ester [5]. However, this aspect calls for supplementary research..
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Inspection of the data of Table 7 reveals that complex compounds with the composition SnClg® 24, in
which the bond between tin tetrachloride and the organic compound is effected through oxygen, have ap~
proximately identical increases of dipole moment with a mean value of 4 D, In the case of complex com-
pounds of SnClg and TICl with organic oxyg i of equimolar the
1y, hae a relatively constant value (2.5-2.6 D). This constancy of rise of dipole moment during complex
formation is evidence of similarity of structure of the complex compounds in question.

The deviation of the increment of dipole moments from the mean value in some complex compounds
may be explained by their differing degree of stability in solutior. This 15 clearly seen with the complex
compounds formed by TiCly and SnClg with benzonitile,

The constancy of the difference betweer the dipole moment of the complex and the oxygen-containing
addend in complex compounds of the type of TiClg- A or SnCk: A is evidence of their identical structures.
Judging by the results of measurements of dipole moments, the complexes of tin tetrachloride with the above
enumerated esters that we investigated possess a cis-structure.

SUMMARY

1. The dipole moments of some complex compounds of titanium and tin tewrachlonides were in
vestigated: TiCly+ CsHyCOOC;Hs (4.52 D), TiCly CgH;COOG4H, (4.46 D), TiCl, - CyHyCOOGgHy, (4.37 D),
S22, - 2CgH,COOC;Hg (6.52 D), SnCl, * 2CsH;COOC,H, (6.44 D), SnCly" 2CsHyCOOCsHy, (6.38 D).

2. Formation of complex compounds of SnCly and TiCly with esters of mono-basic acids leads to a
marked increase in polarization, as reflected in the higher values of the dipole moments.

3. The difference between the dipole moments of the complex and the ester, both in the case of
1:1 compounds and 1: 2 compounds, is relatively small and substantially independent of the length of the
alcohol radical, The difference is 2.5-2,6 D in the case of titanium complexes and about 4 D in that of
tin complexes.

4. Itis established that complex compounds formed by TiCl; and SaCl with one molecule. of oxyger
ing compound must have nearly identical structures.

5. O the basis of measurements of dipole moments it is shown that complex compounds of tin tetra

chloride with two molecules of ester miust have a cis-structure,
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THE TERNARY RECIPROCAL SYSTEM OF THE CHLORIDES AND
SULFATES OF POTASSIUM AND CALCIUM

M. S. Golubeva and A. G. Bergman

Investigation of the surface of crystallization of the system, K, Call CL SO is part of a larger scheme of
study of the formation in fused salts of heteroionic complexes, i.e. of salts consisting of four different ions.

Anhydrokainite MgSO; - KCL [1] may be regarded as the classic example of such complexes. With the
objective of establishing the possibility of formation of analogous salts when magnesium sulfate was replaced
by calcium sulfate, we also made a study, by the visual-polythermal fusion method, of the surface of crystal-
lization of the reciprocal system of the chlorides and sulfates of potassium and caleium which had formerly
been studied [2] by the method of plotting of cooling curves.

According to the data of [2), the reciprocal system is deficient in internal fields. Compounds exist only
on the sides of the K;SO; - 2CaS0; square (calcium langbeinite) and of the CaCly* KC1 square (calcium carnal-
lite) (Fig. 1),

v

<A77
4

AN
LR 3

KoaCly %" call,

Fig. 1. Projection of the three -dimensional diagram of the reciprocal system K, Ga || G, 5O, on

the square of composition (after E. Jinecke).

The thermal effect of the exchange reaction, arbitrarily calculated from the heats of formation of the
components of the reciprocal system, is 7.31 keal/g-equiv. [3] in the direction of the stable pair CaS03-KCL.
In the classification of [4, 5] the system must be assigned to the irreversible -reciprocal type.
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EXPERIMENTAL®

Binary systems. 1. K;50,-CaS0, (Fig. 3). According to the data of [4] the
potassium sulfate, the a- and B -forms of calcium langbeinite KySO, - 2CaS0g (with a transition point at
and calcium sulfate.

936")

The data of 5. M. Miukimov, N. L. Krylova and A, G. Bergman [7) agree with those of Miller [6], but the
{nterpretations of the whole diagram are quite different in the two papers. The existence was established G}
in a study of the ternary system of the sulfates of potassium, magnesium and calcium, of not ane but of two

(melting with fon) with the suggested compositions: KsSOy+ 2CaS0y and KSO;+ 3CaS0y

In a study of a serles of internal cuts, we repeated the individual points of the system and obtained data
similar to those in [6); the difference In the individual points of the composition did not exceed 24",

Study of the system K, Ca || Cl, SO, revealed the existence of two independent compounds, but We did
not detect the polymorphic difference in the case of KySOy* 2CaSO which was found by Miller [6]. The com=
pound KySO, - 2CasO, agrees with these data, but the composition of the second, 2KySOy* 3CaOy, found on the
basis of projection of the curves of common crystallization and of triangulation of the reciporcal system, does
not agree with the composition which was established in (7] as KpSOy* 3CasOy.

K50, v st o e

Boree )
sszy
700° ¥
e
/ GV
) N
4 2
Ress® S——t

o £ 5007,
775 774°
JAA C ct,

Fig. 2. Projection of the three-dimensional diagram of the reciprocal system K, Ca || C1, SOg
on the square of composition (from our data).

2. .CaCl; ~K;Cly (Fig. 3) 8, 9]. A compound CaCly* KC1, m.p. 745°, exists. According to our data
there are eutectic points at 635° and 86% and 597 and 40% CaCly* *.

3. CaCly—CaSO, (Fig. 3) [10]. Repeated by us. Itis a system with a eutectic at 708" and 12.5% CaSO,.
SO, [11] (Fig. 3). Repeated by us. A system with a eutectic at 698° and 43% K;SO,.

Diagonal Cuts
Stable cut KyCly~CaSO, (Table 1, Fig. 3). This has been studied [10] from 0 to 46.3% calcium sulfate,

A platinum crucible was used; the thermocouple was Pt, Pd, Au/Pt, Rh.
« +In all cases the composition of the mixtures is given in equimolar percentages.

e diagram comprises 4 branches:
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66.66 75

50
Equimol. %

Fig. 3. Sides and diagonal cuts of the reciprocal system K, Ca || Cl, SOy
K5O+ 2CaS0; — A, 2K;S0,*3CasO; — B.

and the existence of a eutectic at 685° and 31.8% CaSO, was established between potassium chloride and a
compound with the suggested composition CaS0;* KC, i.e. calcium anhydrokainite.

We detected three branchies in the interval of 0 to 60% calcium sulfate: potassium chloride, caleium
sulfate and a compound that we called X, melting with decomposition at 790° and 44.5% CaSO;. The eutectic
point Ny, sitiiated at 688" and 327 calcium sulfate, and the point of incongruent melting Ny at 790" have the
character of turning points (Figs. 2 and 4). This indicates that a peak of the internal compound must exist on
the stable diagonal, i.e. it is a double heterosalt. The proposed of Compound X was ished on
the basis of the of complete solidification of Melts 1 and 2 of Cuts XIII and XV (Table 3) and of
triangulation of the reciprocal system.

The unstable diagonal cut of CaCl,—K,SO (Table 2, Fig, 3). It passes through five fields: calcium
chloride, calcium sulfate, two binary sulfates of potassium and caleium formed in the system KpSO;~CaSOy, and
a branch of potassium sulfate, intersecting at 645° and 10%, 785° and 57.5%, 770° and 65%, 720° and 73.5% potas-
sium sulfate.

Internal cuts (Fig, 4)*. 23 internal cuts were studied. Data for the 1t series of Guts I-VIL ‘appear in
Tables 3 and 4 and are plotted in Fig. 5. The boundaries of the fields of calcium chloride and CaCl - KCl en~
close the lower wedge-shaped internal field of the double heterosalt X; the existence of two ternary eutectic
points was established: Eq at 580° and Eq at 604°.

ond series of Cuts IX-XI (Tables 3 and 4, Fig, 6). The occurrence of two ternary eutectic points Ey at 644°
and E, at 675" was established from the of complete solidification of the melts of the cuts of the
2nd series and from the projection of the curves of common crystallization (Fig. 8).

= Only a portion of the experimental data is presented in the tables.
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TABLE 1
K{Cl, = Cas0, Diagonal Cut

Temper-|

% [Temper-| oy  |Temper-| g |Temperm
aS0. lature caSo, |ature

S0, |ature | CaSOs ature

775°
122
708
694

1
\ 325 696° 40 48 836
34 716 42 50 846
6 136 4 55 896
.5 -
|
|

3
52 46 -

37. 1100°

TABLE 2
Diagonal Cut  CaCly=  K,SO;

- v
o |Tempere! w |Temper- Temper
XS0, |ature ‘ K:SO, | atur | K amrpe

L

_ i

ALL the tables in the present paper give the equimolar percentages of the added component and the tempera-

ture of appearance of the first crystals. Fig. 6. Cuts through the reciprocal system
K, Ca || Cl, SO, (IX-XV).

n K,S0;° 2Cas0; — A, 2K,SO, *3CasO, —
- — B, CaCl-KC1— C.

3rd series of Quts XI[-XV (Tables 3 and ig. 6).

Cut XVI (Table 4, Fig. 5) is a control cut. It
complete accord with all the other cuts which it
Intersects (Fig. 4).

0
£quimol %

Fig. 5. Cuts through the reciprocal system K, Ca || Cl,,

SO (1- VIII, XVI).

K,S0," 2Cas0y — A, 2K,50;+ 3Cas0; — B, A ternary transition point Py at 748" was found

CaCly+ KCl— C. from the of complete solidification at
748" of Melt 1 (Cut XIII) and Melt 1 Cut XV) and

from the projections of the line of common crystallization (CaSO; and K,S0y+ 2Gas0,) and (CasOq and phase

X).

A wriangulating section X-KySO,” 2Cas0, was performed and the proposed composition of the heterosalt
Cas0,- 2KCI was confirmed,

4th series of Cuts XVII-XXIII (Table 4, Fig. 7). The curves of common crystallization of each of the
1o double salfates with potassium chloride were investigated. The direction of fall of temperature on these
ines resulted in a turning point Nyyy on the curves of common crystallization of potassium chloride and com~
pound K,50, 2CaS0 at a temperature of 692°, situated on Cut XIX. The existence of the field of the double sul:
fate K,S0;- 2CaSO inside the reciprocal system was confirmed.

p s not developed in K;SO;* 2CaSO, in the cuts exam ined, but instead we
established (with most of-the cuts of the 2nd and 3rd series) in the binary system of sulfates of potassium and
calcium the existence of a field of a second compound whose peak had to be siwated between the melting

757 A . e point of compound K;SO,- 2CaS0, at 1006° and 66.6% potassium sulfate and the point of incongruent melting
L) vowoa s X N &5V Call of this compound at 935" and 57% calcium sulfate, Within these limits the most probable compound is one with
60% calcium sulfate, i.e. the compound 2K;SO;* 3CaSOy.

Fig. 4. Amangement of internal cuts in the system K, Ca || Cl, SO,
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TABLE 3
Internal Cuts of the ystem K, Ca [| CL, SO

Cut!

emper-
ature

% CaSO,

% CasO, [TEMper= | o CasO,
atwre

IR
x R
Temper-

ature

cut
Temper

ature % KiS0

Temper- empe:
% CoSOy | ature % K:SO, ;lme
700°

690
686
686
715

|
800 12 ’
850
894
]
3
w0

. Melts of Cut II solidify at 604°.
v+ Melts ofCut V solidify at 580°
«es Melt 1 ofCut V solidifies at 748°, Melt 2 of Cut XIII solidifies at 675°.
«« s sMelt 1 of Gut XV solidifies at 748°, Melt 2 of Cut XV solidifies at 675°.

Cut xuress

[ Temper-

% KSOu ' ature

958°
940
920
900
894
894
892

. 885

The surface of the system K, Ca || XC1, SO, is divided into 8 fields, three of which belong to compounds
of the sides while one field is formed on the stable diagonal of the reciprocal system of the proposed composi-
tion Cas0, 2KCL. A compound with a similar formula GasO" 2KC1- 1/210 was previously detected in aqueous

solution [12.

We found one of the compounds of the side of the square with the composition 2KyS0; - 3CaSOy for the

first time from the situation of its field of crystallization

The projection on

inside the reciporcal system.

the side of the square of K;S0,-K;Clp (Fig. 8) reveals a regular fall of temperature

and complete correspondence in the location of the curves of common erystallization and the multiple point.
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(Summary)
Internal Cuts of the System K, Ca || C1, SOy

TABLE 4

KSO,
K:SO,

1A oueig

|

65
62

K.SO¢

A woueig

Crystallization Branches and Intersections

k

Qe
-1odwal

56 {720°
5%
|

||

A
A
KiSO,
K:SO,
€as0,
Kc1

Al youeig

x
\

700
684 | KC1
836 | K:SO,

800 | K:SO«
764
736
937

|

46.6 |730°]
40

285

525

505
| 49

515

62.5 | 685

Cas0,
Cas0,
x
X
x
B
B
B
B
A
a
xcl

\
»

\

745°|
720
66
730
671
874
836
30 |800
878
710
688

30
25
36.5
26.5
185
45
1
33
45
515
615

I708°| CasO,
678 | Caso,
610 | CasO,
675 | CaSO.
x
s
650 | CaSO
642 | CasO,
696 | CasO,
75 | 642 | CaSO.
588 | CasO,
/7
5¢

10
9
H

11

22

18

14

1
9
5

mxq peuiBio
10 1ut0d BunpEW

Composition of original

1wau0dioo pppy

mixture of components

1aquiny 1)

1 youesg

SO,

Kt

+87.5% CaSO, - -
+62.5% CaSO, - »
4+ 55% CaSO, .
+75% KiSO, -
+60% CaSO, -
+50% CaSO, -
+45% CaSO, -
+30% CaSO, -

+75% CaSO,
+75% CaSO, -

YIX | 235% K,S0, +66.67% CaSO, -

XX

+80% CaCl, - -
+85% KCl
+80% K,C
+75% KCly
+170% KCly

33.33% KiCly -+ 66.67% CaCl; « - -
455% CaCly « . .+
+45% CaCl;

45% KiCly

92.5% CaCl, +7.5% KCla -
55% KiCla

33.33% K,Cl, + 66.67% CaCl, - «
20% KiCla
515% KCl; +42.5% CsCl
15% CaCl,
20% CaCl,
25% CaCly
VIII | 0% CaClz
12.5% KiCla
25% KCly
31.5% KiCla
40% K:SO,
50% KiSOq

XVII| 2% KSO, +80% CaSO, . -

XXII| 55% K:SO.
XXIII| 10% %SO

X

X

X1

X1

X

Xiv

XV | 5% KCl
XVI | 25% KiCl
X VIII| 25% K:SO.
XXI

1
I
iig
w
14
vi
Vi

19quUINU $91I3§
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ats, two asterisks denote the temperature of appearance of the first crystals;

Notes:

One asterisk denotes equimolar percentages of added compone!

the following symbols are used here and in Table 5: A —

X — CaSO,-2KCL

2K;50, - 3CasOy, C —  CaCly” KCL,

K;SO, 2CaSOy, B —




500

25 130, 25

50 57

squimel % ool
Fig. 7. Cuts through the reciprocal system Fig. 8. Projection of the curves of common crystal-
K. Ca || C1, SO, (XVIL = XXII), lization of the reciprocal system K, Ca || C1, S04

. s . - i 04~ KCla-

SO,- 2Cas0, = A, 2K,SO;*3CasOy— B. on  the side KpSOy
s ! ‘ KpS0;-2CaS0; — A, 2K,80,3Cas0, — B,
CaCl,* KC1— C, KC1-Cas0;— X.

TABLE §
Compositions of invariant points of the system K, Ga || C1, S0,

JComposition(In moL <)

Equilibrium
Names of invariant points o
1c..so. Xt | Kiso, | cacy, | 5049 PR

1 l . 41 K80, + B+ KCI
2 E,. . 66 A+ X+KCl

3 |Eutectics ce.....|580 | 4 | S8 KCl+CaSO, +C
H B .| 6oa 5| 14

5 |Transition

30 o {

7 [peritectic .. . 65 X4KCl + CaSO,

We found four temary eutectic points Ey at 6447, By at 675", Ey at 580" and Eq at 604", and one wransition point
Py at 748° from the temperature of complete solidification of the melts of the internal cuts. These were con-
ffemed by the intérsections of the curves of common crystallization. A temary transition poin Py at 676° and a
poritectic point R at 653" were found on the basis of the projections on  the sides of the square.
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The system contains 3 stable sections: one diagonal and two adiagonals; they divide the reciprocal
system into 4 independent ternary systems (Fig. 2):

1) CaCl, Ca$0j, CaCl,* KC (designated by IV');
2) GaCly* KG1, Cas0y, KyCly (designated by III');
3) GasOy, KyCly, KpSOg- 2CasOg;
4) K;S04- 2CaS0y, KiCly, SOy

The presence of the peak of Compound X on the diagonal K,Cl,-CaSO results in a second triangula -
tion of the third system by the unstable section X-KpSOy" 2CaSOy into two phase triangles: 1) CaSO,- 2CaSO,
(designated V') and 2) K804 - 2CasOy, X, K,Cly (designated II'). But the existence of a second compound,
melting with decomposition, in the system of the sulfates of potassium and caleium, leads to the develop-
ment of an unstable triangulating section of 2CaSO; 3CaS0;-K;Cly which divides the fourth ternary system
into two phase triangles: 1) KpSO+ 2CaS0;, KpCly, 2,50, 3CasOy (designated VI') and 2) 2K;SO; - 3CasOy,
K;Cly, KpSOj (designated I').

The triangulating section X-KSO,* 2CaSO; was carried out by us on the basis of the temperatre of
complete solidification of the melts of Cuts XIII (Melt 1) and XV (Melt 1) at 748, whereas the adjacent Melts
2 of these cuts solidified at 675° (Table 3). It follows from this that the latter are in another phase triangle
and the triangulating section must pass between the points of compositions corresponding to the specified
melts. On joining the peak of K,SO;* 2CasO; with the middle of the stable diagonal section by a siraight
line, we obtained this section and the two phase triangles V' and II' with the temperatures of complete solidi~
fication stated above.

The reciprocal system K, Ca || Cl, SO, has been investigated in aqueous solution at 25° [13]; water
has a great influence upon the structure of the system, The enormous gypsum field occupies nearly the whole
area of the square of the isotherm of the system. The only double salt formed is syngenite K80, CaSQy " ;0,
whereas in melts a large number of complexes of salts are formed which are susceptible to hydration, such as
calcium chloride and calcium sulfate.

SUMMARY

1. The surface of crystallization of the reciprocal system of the chlorides and sulfates of potassium and
calcium consists of eight fields meeting at seven tiple points. The data obtained differ in important respects
from those of Jinecke [2] who did not detect two fields of compounds: the double sulfate 2K;SOy-3CaSOg
and the double heterosalt CasO+ 2KC1 on the stable diagonal.

Two transition points (Py at 676° and Py at 748°) and one point R at 653° were found.

9. A comparison of the two diagrams of the reciprocal system in aqueous solution and in a melt indicates
weakening of the reaction of complex formation in aqueous solution under the influence of the aggressive action
of water.
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COMPLEX FORMATION AND DOUBLE DECOMPOSITION IN THE RECIPROCAL
SYSTEM OF THE FLUORIDES AND SULFATES OF LEAD AND POTASSIUM

V. A. Gladushchenko and A. G. Bergman

The purpose of investigation of the systems K, Pb || F, SO was to elucidate the behavior of compounds
developed on the KyFy: 2K,S0; and KpSO;* 2PbSO; sides and to establish the type of the system. The thermal
effect of the double decomposition was 6.84 keal in the direction of the components PbFy and K;SO,. On the
two contiguous sides of the square are situated the compounds (melting without decomposition)aFy * 2KpSO4 at
880° and K,SO, - 2PbSO; at 946°; the remaining two sides of the square are simple eutectic systems.

E XPERIMENTAL

Procedure. The investigation was carried out by the visual-polythermal fusion method. The crucible
and stirrer were of platinum, The thermocouple was Au, Pt, Pd/Pt, Rh. A 40 mV millivoltmeter was used. All
calculations are expressed in mol. %, For economy of space,  portion of the cuts and experimental points

is omitted,

Lead fluoride was prepared by interaction of twice-distilled hydrofluoric acid with chemically pure lead
carbonate. The potassium fluoride was a chemically pure grade which was previously dehydrated.

The potassium sulfate was a twice-recrystallized chemically pure grade. Lead sulfate was prepared by
precipitation of lead nitrate with pure sulfuric acid, Melting points of salts: PbF, 826", KF 850", KySO, 1074

PbSO, 1100°.

*

Fig. 1. Fusibility diagram of the binary systems.
Explanation in text.
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Binary systems, 1. Kafy =K;SOq (Fig, 1), This has
previously been investigated [1, 2], We confirmed the
existence of the compound KyFy* 2K,SO, but with a
slightly different melting point (880°) and eutectic
points Ey 783° and 21% KySOy; By -864°, 73.5% KaSOq

2. K;S0,~PbSO, (Fig. 1). This has previously

been studied [3, 4], Our data confirm the existence
of the double compound K;SOg- 2PbSO,, melting with-
out decomposition at 946", Eutectic points are E 1 805°
and 45% PbSOy, E 920° and 75% PbSO,. Data in [3,4):
melting point of compound 948°, but eutectics E; 792"
and 45% PbSOy, E, 837" and 81% PbSO,; the compound
K50, + PbSO; appeared in the solidus at 619%; we plot-
ted the cooling curve of the 1:1 melt and obtained a
characteristic halt at 626,

5 00 3._KyF, —PbF, (Fig. 1). Eutectic point at 460° and
57.5% PbF,. It was investigated by us.

25 50
Mol %

Fig. 2. Diagonal sections of the reciprocal system. 4._PbF,—PbSO, (Fig. 1). This was studied by us.
The fusion curve comprises two steeply descending
branches of the components. Eutectic point at 520° and
26.5% PbSO,.

Diagonal cuts. 1. Stable diagonal of PbF,=K,SO, (Fig. 2, Table 1), Consists of two branches of the com-
ponents which intersect at a eutectic point at 480° and 22.5% K;SO,.

2. Unstable diagonal of KyF,—PbSO, (Fig. 2, Table 1). Consists of six intersecting branches.

TABLE 1
Binary Systems and DiagonalCuts

KiF—PbF, PbF,—PbSO, PHF—KiSO, KiF—PbSO,
T

Temp.| Temp.| x¥o, | Temp.

610

Intersection.
44°, 18% PbSO,; 747°, 37%,
3%, PbSO,

Intersection | Intersection Intersection
460°, 57.59, | 520°, 26.5% | 480°, 22.5%
PbFy. PbSO;. K,S0,. PbSO,; 623°, 680, "
604°, 63.5% PbSOy; 764°, 78.5%
PbSO,.

The Ternary Reciprocal System

The joint presence of four binary systems and two diagonal and 19 internal cuts (Fig. 3) offers the pos-
sibllity of determining the liquidus surface of the system which comprises 7 fields of crystallization;
belong to com&o?eﬂuzand 3 to compounds: KpFy —YZKgSOu K30, ~BFb50y; and a Compound R feld
n was not fully

positit elucidated.

360
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The field of potassium sulfate occupies the largest area (38.73%) and displaces the field of KpFy* 2K,SO4 in

the direction of potassium fluoride, due to which this compound melts inside the system:with decomposition. The

compound K,SO, * 2PbSO (melting without decomposition) retains its stability Inside the reciprocal system and

occupies a small portion of the surface (7.65%). The field of the compound of unclarified composition comes

close to the just mentioned field, Two possibilities arise in connection withCompound X: 1) it is the compound

K,SO4 - PbSO, which was detected in the solidus of the system K,SO,~PbSOg; 2) it Is a triple heterosalt; for the
ination of ts ion the visual p 1 method alone is inadequate.

80° 804 50,
1074

i’ 585°,
523%
iy
T v G
120 65'%
5002
a5
“wm/ R xnmmw X oo
ooF, 0 7550,

T ;

6%

Fig. 3. Situation of internal cuts in the reciprocal system K, Pb || F, SO

It is interesting to note that in the system K, Pb || Cl, S0, previously studied [5] and partly repeated by
us, the field of KSO;+ 2PbSO occupies a considerable proportion of the surface of the square (27.7%), extend-
ing nearly up to opposite side of the square. No other field was detected in this system. The absence of the
field of X from the chloride system may be due either to its attack by chlorides or to the fact that it is-a
triple hetero compound which s only formed with fluorides but not with chlorides. ' In connection with our two
suggestions about the character of the internal field, attention is now drawn to two variants of the triangulation
of the reciprocal system.

First variant (Fig. 1), on the that the field belongs to the double 1:1 compound (KSOy* PbSOy),
the sauare of the reciprocal system is divided by three secants into 4 phase triangles:
1) PbFy ~KyFp ~KyFy * 2,50, 1) KyFy* 2K;S0, ~PbFy ~K;SO,,
III) K,50,* PbSO, ~PbFy ~K;SOy, IV) PbSO, —PbF, =K, S04 * PbSO,,
To each triangle corresponds a triple invariant point: Eq 440°, P 470°, E, 440°, Ey 420°,
Second variant (Fig, 8) on the assumption that field X belongs to a triple heterocompound, the squate of
the reciprocal system is divided into 6 phase triangles:
1) PbFy ~KyFy ~KpFy * 2K, S0, 1) Kgfy * 2K, SO, ~PbFy —K;S0;,
10) K,SO,~PbF, —X, 1V) K80, =X K, SO, * 2PbSO,,
V) K;50, 2PbSO,~X —~PbSO, VI) X—PbF,~PbSO,.

To each of these triangles Gorresponds a-triple invariant point, the temperature and composition of which
are set forth in Table 5.

The experimental data for the composition and melting point of the triple invariant points are made more
precise by projection of the curves of common crystallization on to the side of PbSO,~KySOy (Fig. 9).
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TABLE 2
Internal Cuts of the Reciprocal System

Cut I Cy u Cut_ xvir Cut - Xxix__

b, 50% PhF, 65% PHF, 40% K5O, 509 K,80,
0% K 0% B ) uso, | S5 ROE ) muso, | 9% KeS0 ) eer | 505 11831 ) pors

Temp. | %o, | Temp. |, oo | Temp. | ot

Temperatvre (oriable)

mperature (variable)

i i Intersection |  Intersection 2 %
5% 476°, 8.5% 604°, 349, 650°, 28% Malo

75 2 7%

50
il

Fig. 5. Internal cuts of the reciprocal system.
1 -1V and IX-XI. V-VIII and XVII-XIX.

! PbFy; ;
sbo itk | a2s, afp aszo, G | 456°, 61.5% ¥ig. 4. Internal cuts of the reciprocal system.
b PbF.. PbF,.

i Pb50;; Fy
523°, 450, 565°, 52.5%

PbSO,; PbSO;.

5959, 599/, TAB
PbSO;.

Internal Cuts of the Reciprocal System

Cut vir Cut_vir Cut_xir Cut_xv, © AT

TABLE 3 ) . ‘ -
AT | 80% PbE,

Internal Cuts of the Reciprocal System . 2% PhSO,
Cutrv Cut 1x Cur x | Cut xr Cut X1

75% PBF, 40% PHF, 25% P, 15% POF,
| rosod| 355 Fis, | ko | 6% o, | s | 5 Fik, ) ko, | a5 b, | ko,

- %, | Tem % | T % 2,
37:5% KiFy 35% PbSO, 45% PbSO, 50% PbSO, 55% PbSO, X P. emp. Temp. 3 Temp.
B3% KR ) risou| 8% BUE% ) ksou | 8 BREY | ko, | 308 FRED | wso. | 355 BhE ) kso, K50 o, p p

Temp.| % | Temp.| (% | Temp.| % | Temp.| % °|Temp.

740°
710

671
640
6217

464°, 149, 678°, 20.5% 195°, 229 850°, 23%,
2504 2504 KyS04; 280y;
532°, 299, 652°, 399 714°, 44y, 740°, 48.5%)

K2S50,. K,50,. K,50;. K,S0,.

464, 49 5000, 11.59 567°, 18.59/ 594°, 20.50 .59
e e, 11.5% % 5% | 620°, 8.5

1505 250 350, 150,
675°, lo 585°, 349, 610°, 36.5%, 630°, 279 552°, 40.59/
. Ki$0,. K350, K30, XusOp
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200° 864"
7

 Temperature (varuble)

i L 7 1100°
Fig. 6. Internal cuts of the reciprocal system.
XII-XVI.

Fig. 8. Fusion diagram and triangulation of the reciprocal
system K, Pb || F, SO, (second variant).
Explanation in text.

920°

Fig. 7. Fusion diagram and triangulation of the reciprocal
system K, Pb || F, SO (first variany).
Explanation in text.

75 100

Fig. 9. Projection of the curves of common crystallization
on the side of PbSO,~K;SOj.
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Composition (In mol. -%)

Point T
PSO, | KR | K50,

1 Eutectic
Transition
Entectic
Eutectic
Transition
Transition

On comparing the chloride-sulfate reciprocal system [5] with the corresponding fluoride -sulfate system
(K, Pb || C1, SO, and K, Pb || F, SO,), we observe that replacement of the chloride ion by the fluoride ion leads
to marked development of a number of complex compounds both on the sides and inside the fluoride-sulfate
reciprocal system.

Apart from the compound K;SO,* 2PbSO, which is common to both systems, the fluoride system contains
the field of the compound KgF, * 2K,S0, as well as an internal field of not fully elucidated composition. The
thermochemical effects of the exchange reactions in these systems are: for the chloride -sulfate system 0.17
keal/equiv. in the direction of K,Cl, =PbSOy, and for the fluoride -sulfate system 6.84 kcal/equiv. in the direc~
tion of PbFy —K;SOj.

The chloride -sulfate reciprocal system is an example of the adiagonal type of system, while the fluoride~
sulfate system belongs to the diagonal type.

SUMMARY

1. The liquidus surface of the irreversible-reciprocal system K, Pb || F, SO, consists of 7 fields of crystal-
lization, of the components and 3 compounds: K,Fy * 2K;S0;, K;SO - 2PbSO, and a Compound X.

2. Inside the system the field of the compound KyFs * 2K,SO; (melting without decomposition) is displaced
by the field of potassium sulfate and passes over into the field of a compound melting with decomposition.

3. The compound K,SO, * 2PbSO; remains stable inside the system, as reflected in the rectangular form of
its field of crystallization,

4. There are two possible interpretations of the internal field of the compound: a) it is a double compound
with the composition S04+ PbSO, which was detected in the solidus of the binary system K,SO, ~PbSO; or b)
it to a uiple (melting with ition) of ifi A similar
internal field was not detected in the hloride -sulf: procal system. The most stable section
is the diagonal cut of PbFy~K,SOy; the adiagonal sections KoFy * 2KySO ~PbFy and K,SO, * 2PbSO, —PbF, bear a
subordinate character.

LITERATURE GITED
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STUDY OF THE SYSTEMS SODIUM SULFATE -~ COBALT SULFATE AND
SODIUM SULFATE — NICKEL SULFATE

K. A, Bolshakov and P, I. Fedorov

The system sodium sulfate ~ cobalt sulfate has been investigated by Calcagni and Marotta [1] by the
method of cooling curves. According to their data the system belongs to the eutectic type. The eutectic
crystallizes at a content of 50% cobalt sulfate and a temperature of 675°. On the sodium sulfate side is a
region of solid solutions. extending up to 33% cobalt sulfate. In melts containing from 18 to 45% cobalt sulfate,
thermal effects were observed at 425 that corresponded to the double salt CoSO, * 3NaySO; of the vanthoffite
type.

The system sodium sulfate ~ nickel sulfate has not previously been studied.

The systems were investigated by the method of thermal analysis. Most of the data were obtained by
recording the differential heating curves. The liquidus of the systems was established by recording of the cool-
ing curves and also by the visual-polythermal method. The data of thermal analysis were confirmed by study
of the microstructure of the melts and by study of the crystal optics. Melts were crystallized between two mica
plates for ioh of specimens for study of :

Our plot of the phase diagram of the system sodium sulfate — cobalt sulfate (Fig. 1) contains three branches
of crystallization. Line AB corresponds to crystallization from the melt of a solid solution on the basis of
sodium sulfate. Branch BC to ization of a d, which we designate ¢, formed by a
peritectic reaction (line CE) at a temperature of 590°. Judging by the point of termination of the eutectic line
FG, and by analogy with the system sodium sulfate ~ magnesium sulfate [2], the formula 3C0SO,* Na;SO, may
be assigned to this compound. Cobalt sulfate crystallizes from melt along the line CD. The eutectic crystal-
lizes at 565°. Its composition corresponds to a content of 49% cobali sulfate. The region of solid solution on
the basis of sodium sulfate extends at the eutectic temperature to a content of 38% cobalt sulfate.

020 04 0_70_80 90 100

4

Wt.%
06
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Sl a0, -c050,fy)

0 ;7 0
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Fig. 1. Phase diagram of the system cobalt sulfate —sodium sulfate.
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Lowering of the temperature leads to decomposition of the solid solution along the lines GH and HI with
formation of the compounds CoSO* Na,SO; (6) and GoSOy * 3Na;SO; (y). The temperature of formation of
Compound y along the horizontal line KH is 440",

We were unable to establish the temperature of formation of Compound 6. There are two possible ex-
planations of this: This temperature is close to the eutectic temperature so that the effects of crystallization
of the eutectic and of the formation of the compound substantially coincide (as shown in Fig. 1);alternatively,
& crystallizes dircctly from the melt and has an insignificant liquidus line which escaped our observation.

The horizontal line LM (205°) corresponds to a eutectold i fated with the p
transformation of sodium sulfate. The horizontal line NP (460°) must evidently be associated with the poly -
morphic transformation of Compound e .

The system sodium sulfate — nickel sulfate (Fig. 2) is similar to that described above. The region of
solid solutions extends to a content of 35% nickel sulfate, In this system, Compound & has a well-marked
maximum on the fusion diagram. Eutectic points correspond to contents of 41 and 55% nickel sulfate and
temperatures of 671 and 700° respectively.

The Compound y is formed in the solid state on the horizontal line IK at a temperatute of 432", Com=
pound ¢ is evidently formed in the high-temperature unstable region. The preseiice of eutectic halis to the
left of the ordinate of the compound is explained by the incompleteness of the reaction of formation of Compound
¢ under the experimental conditions; due to the thermal instability of nickel sulfate it is impossible either to
bring the meltsto fusion point or to subjectthem to prolonged heating at above 700°.
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L0 0 0 w 50 60 M 80 % w0
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700}
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HayS0, 3NiS0, (€)?
Na,S0, NiSO, (8)

Hay50, -HiSOy()

020 0 @

T
Sg
®

HLSO,
Fig. 2. Phase diagram of the system nickel sulfate — sodium silfate.

TABLE
Characteristics of the Double Compounds

Formula of compound Color Double refraction Refractive index
of light

3N2;504+ CoSO, Light-violet Weak 151
Na,SO,* CoSOy Pleochroism from Strong 153
violet to red-
violet

NagSO, - 3C0S0, Brownish-violet Medium
3N2,S0, * NiSO, Light-yellow Weak
NapSO, - NiSO, Dark-yellow Strong
NayS0,* 3NiSO, Brown Medium

043R0004000500

In the table are set forth the characteristics of the compounds detected by us in the two binary systems
on the basis of crystal-optical investigations.

Thus, compounds of the following types were found in both systems: 3N2,50; - MeSOy, NaySOg - MeSO,
and N, SO, - 3MeSO;, where Me = Ni, Co.
SUMMARY

1. The phase diagrams of the binary systems of sodium sulfate with cobalt sulfate and nickel sulfate
were studied.

2. Both systems are characterized by reciprocal solubility of the components in the liquid state, the
formation of a broad region of solid solutions from the side of sodium sulfate, and the presence of three
double compounds (3 Na;SO, - MeSO;, Na,SO,* MeSO, and NSO, - 3MeSOy).
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CATION EXCHANGE IN MIXED SOLVENTS ON VOLKONSKOITE

A. T. Davydov and R. F. Skoblionok

The question of the influence of the liquid phase upon the extent and character of exchange adsorption
has acquired great importance at the present time in view of the extensive applications of ion exchange. A
number of authors {1-8] have studied exchange adsorption in nonaqueous and mixed media and have observed
a considerable influence of the liquid phase on the extent and the character of the exchange. In previous in-
vestigations we studied (6, 7) the dependence of the extent of adsorption on the dielectric constant of the liquid
phase. In addition, the applicability of the equations of B. P. Nikolsky (9] and E. N. Gapon [10], which charac~
terize the exchange from aqueous solutions, to exchange adsorption of cations from mixed solvents was checked.

The marked identity of the quariitative laws of exchange of cations from aqueous and mixed media
and the influence of the dielectric constant of the solvent upon the magnitude of the adsorption present great
practical, as well as theoretical, interest, For this reason we undertook the following investigations with the
aim of gaining a deeper insight into the processes of fon-exchange adsorption from mixed solvents.

EXPERIMENTAL

In this research we studied the dependence of the magnitude of exchange of Ba-volkonskoite for Na* and
K- ions from aqueous alcoholic and dioxane -water solutions of various concentrations.

The investigations were carried out on [11-13] from the Efi deposit its adsorption
capacity was approximately 100 mg-equiv. per 100 g adsorbent. In preliminary experiments it was established
that volkonskoite is inert to the solvents investigated; it absorbs neither water nor alcohol nor dioxane.

TABLE 1 TABLE 2
Ba-volkonskoite + NaCl Ba-volkonskoite + KC1

‘gncennanon NaCl (in g-equiv/i) Aloohot | Consentration KCgn g= miv/!
[0.050 ] 0.075 | v.100 | 0150 [ 0200 | 0290 cohol 1,625 | 0.050 | 0075 | 0.400 | n.lﬂmﬂ 0.200 | 0.2
_— W %) |
mg-equiv_Ba-r * O B | equiv._Ba +

Alcohol

176 .32 3.80 1.94| 346 559
182| 2 90| 341| 389 204 3. .02 | 6.00
1921 2. . .70| 415 215| 412/ 558 6.60
g.gg . 443 2.18| 424| 5.75| 6.87

* displaced from 10 g Ba-volkonskoite displaced from 10 g Ba-volkonskoite

The influence of the composition of the medium on the extent and character of exchange was studied
on solutions of NaCl and KC of various concentrations in various aqueous alcohol and aqueous dioxane solvents.
The following procedure was adopted: 5 g lots of Ba-volkonskoite were placed in special small flasks with
ground glass stoppers. Into each flask was then run 50 ml of a solution of specific composition concentration
of salt, and the flasks then allowed to stand for 48 hours with frequent shaking. The flasks containing the settled
equilibrium solutions were transferred to a thermostat, and at 25° samples were pipeted off and analyzed for the
number of milligram-equivalents of desorbed Ba**.

The experimental data are presented in Tables 1 to 5.
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TABLE 3 TABLE 4 TABLE 5
Ba-volkonskoite + NaCl + Ba-volkonskoite + 0.1 N Ba-volkonskoite + 0.1 N KC1
50% Dioxane NaClSolution solution

NaCl concentra- | mg-equiv mg-equiv. Dioxane (wt. %) | mg-equlv
tion (in g-equiv/. 1) | Ba"* displaced Ba* displaced B displaced
from 10g Ba- from 10gBa- from20gBa-
volkonskoite

The data show that desorption of Ba** incteases with falling dielectric constant of the medium. The in-
fluence of change of dielectric constant on the extent of exchange from aqueous dioxane solutions is less pro=
nounced than from aqueous alcohol solutions, and in the case of exchange of [Ba*] + Na® the effect is com-
pletely reversed; the results obtained in the study of the exchange adsorption of [Ba++] + Na® from dioxane-water
mixture containing 50 wt.~% dioxane are identical with those obtained in aqueous solution.

The influence of change of dielecttic constant upon the extent of exchange is more matked tn the region
of high dielectric constants, the effect being insignificant in the region of low dielecuic constants. Thus fn the
exchange of [Ba™"] + K* in aqueous dioxane, identical results are obtained with dioxane contents of 50 and 70

weight <,

On the basis of the experimental data we caiculated the Gapon equation [10] of the exchange adsorp-
tion isotherm and our rearranged form of Nikolsky's equation [9, 6].

In its general form the Gapon equation may be written:

1
-

@ e

where ay. and a, are the concentrations of the adsorbed cations in milligram-equivalents; Gy, C, are the
equilibrium concentrations of the exthanging cations in the solution in millimoles per 1 ml; ny, m, are the
valences of the exchanging cations; and K is the exchange constant.

For the case under investigation of exchange between divalent and monovalent ions, it has the form:

&)

where a is the amount of divalent cation in milligram-equivalents desorbed from 10 g adsorbent, equal to the
number of milligram -equivalents of adsorbed monovalent cation, a is the maximum adsorption in milligram -
equivalents per 10 g adsorbent, Cq is the initial concentration of monovalent cation in millimoles per milliliter,
and K is the exchange constant.

@

1 7z
The above is a linear equation. Putting Y =773 ¥ =7g¢, 4 We find the free term of the equa-

tion (a line intersecting the ordinate) equal to the reciprocal of the maximum adsorption, From the angular
coefficient of the straight line K/ap we find the value of K (the exchange constant).

043R0004000500

Nikolsky proposed the following equation for characterization of the equillbrium state In exchange of
fons of different valences:

1m
Cl
e

@)

where ay, 37 are the number of adsorbed cations tn millimoles per 1 mk ny, ny are the valences of the ex-
changing lons; K s the exchange constant; Gy, Cy ate the equilibrium concentations of cations {n solution in
millimoles per ml,

Starting from the procedure of the present fnvestigation, Nikolsky's equation [97]was rearranged to give
the linear equation [€1:

“4)

where a is the number of milligram ~equivalents of the divalent cation desorbed from 10 g adsorbent, equal to
the amount of adsorbed monovalent cation, a is the adsorption in millig: per10 g
adsorbent, C is the Initial concentration of monovalent cation in millimoles per 1 ml, and K is the exchange
constant.

Putting y = a; x = a 1567:3— We find apy as the length intercepted by the straight line at the
b

ordinate, and K¥, the angular coefficient of the straight line.
The calculated values are set forth in Tables 6-0. The values of y, a, and K were obtained by the

method of least squares.

The data demonstrate the satisfactory applicability of Gapon's equation and of our rearranged form of

" Nikolsky's equation to exchange adsorption i mixed media. The applicability is confirmed by comparison with

3
oy, the mean square deviations of the indivi i ofy, \oy,= ———>

n

- ——
and by comparison of the mean square exrors of the mean values of the constants of.the equations ( \/ : (4] !)) .
Aln—

The applicability of the equations of exchange adsorption to the investigated systems confirms the pre -
viously noted identity of the quantitative laws in different solvents.

s
. . a
Analysis of Equations (2) and (4) shows that in the' rearranged Nikolsky equation x = (IUUC =
0

orln x=31na—2 la (100C,—a); the relative error X is

dx
x

dap_da _dafy, 2
a P T0C—a @ 106,
a
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TABLE 6
Ba-volkonskoite + NaCl

[ —
Con- | — __ Comtent of
Gentra-
tion of
Nt
acl
Cat./

0.025 |0: 1222 |0.3904| 1189 |0.4192} 1. 04499
0.050" | 0: X .2 0725 [0.2429| 0. 0.2599
0075 .16 0. . : . X 0.1882
0.100 |0 X 3 3 422 {01501
0.150 5t 0.1095
0.200 0. 0.0787 ¥ 00876
0.250 6 | 0.0661 ¥ 0.0724
4.

Note. Calculated from equation (2).

TABLE 17
Ba-volkonskoite + KC1

[
Concen- of alcohol in aqueous alcohol solution (in weight-%)
* —— 1w .| % | n

T
\”calcd * | %aled %aled| * | taled| * | ealed.

| 3

0512 2.1953| 0483 0440 |3.2625| 0427 |3.7629

1.0655 l 2 ! 0.282 ‘ 1.9158| 0. ‘ 17630
06388 9689

02817
01785 | 0106
01270 0101
. =11.39:13 |a,, =1216
1182013 K= 116016
o a,= 0011
Note. Calculated from equation (2).

TABLE 8
Ba-volkonskoite + KC1

Concen- Content of alcohol in aqueous alcohol solution
tration of| 0 10 30 50

NaCl@ T L | e
g-equiv/| « [Yealed,| = Lr‘/cmcd. « |ycaled,| » [|Ycalcd.
/1) |

0.025 0.1954‘ X ‘0,2151 0.87 ¥ 0.66
1.

0050 |0.1796 02005 141 ¥ 153
0075 [0.1654| 1.90. 0.1868| 1.92 ¥ 232
0.100 .1560 0.1808| 2.14 ¥ 268
0150 0.1666 | 2.66 ¥ 2.81 .
0.2 . ¥ 0.1441| 350 ). 339 {02392
0.250 .. X 0.1321 I 394 .. 415 [0.2055
.82240.37| a,,, = 8.90=:0.66/ a,,
,082:0.16 K = 5.38:0.26| K'
11 oy =021 oy

Note. Caleulated from eq. (4).
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TABLE 9
Ba-volkonskoite + KC1

Concentra- | Content of alcobol {n agueous al

tonof KCI|— 0 10

(in g-equiv/
YAl

cohol solution (fn wt. %)
0

Yealed. Ycaled, | x |Ycaled.

139.562]
108636
72.278)
39.810)
10.450)

Note. Calculated from eq. (4).

In Gapon's equation

the relative error x:

- 100G, ) .
At low concentrations the ratio = ~ 2, with rising concentration it increases; consequently, the
N 4

Jimiting relative error x is incteased in Equation (2) by a factor of approximately 1.5, and in Equation () bya
factor of 5 in relation to the experimental error.

In the exchange of Ba-volkonskoite + KCI the ratio 100 Co/a at low concentrations is close to unity, so

that the calculated errors x for this system are greatly increased. However, it is difficult to aturibute the inap-

plicability of Equation (4) to the system Ba-volkonskoite + KCl in a solvent containing 30.and 50 weight-%

alcohol to the increase of the experimental error during the calculation.
A comparison of the calculated data shows that neither the dielectic constant

chemical character i the value of the d

during investigation of the exchange in different media,

of the solvent nor its
in its values, calculated
fluctuated within the limits of experimental errors.

The fall in the K of exchange with increasing content of alcohol in aqueous alcohol mixtures testifies
1o the increased exchange with falling dielectric constant of the medium in the systems investigated.
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SUMMARY

1. The exchange of Ba+ with Na® and K+ ions from aqueous, aqueous alcohol and aqueous dioxane solvents
on volkonskoite was studied.

2. The investigated quantitative laws of exchange of ons in mixed media are fully identical with the pre -
viously established laws of exchange in aqueous solutions,

3. Satisfactory constancy of the maximum adsorption is maintained in different solvents with differing
dielectric constants,

4. The extent of exchange adsorption in the investigated systems increases with rising dielectric constant
of the medium.

5. The difference in the values obtained for the exchange constants during adsorption of K- and Na sug~
gests the possibility of utilizing volkonskoite for the separation of those cations. It must be remembered, how~
ever, that the formation of potassium - or sodium-volkonskoite creates layers which are difficulty permeable
by solutiors.
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THIOCYANATE-HALIDE COMPLEXES OF DIVALENT MERCURY IN SOLUTION

K. B. Tatsimircky and B, D. Tukhlov

Halide complexes of divalent mercury have been the subject of fairly detailed study, whereas the
thiocyanate complexes, in particular HECNS' and Hg (CNS), have been rather neglecied. As far as we kiow,
10 attention has been given to the possibility of existence of mixed thiccyarate -halide complexe: of merciy
or to their stability.

For the purpose of determining the stability of the complex Hg(CNS), i solution and for establishment
of the conditions of formation and evaluation of the stability of some mixed thiocyanate -halide complexes
of mercury, we made a study by the optical method of the equiliFria 10 the systems

H (NOg), ~KCNS —Fe (NOgly =KC1 and Hg(NOy)p ~KCNS ~Fe (NOg); ™ KBr.

EXPERIMENTAL

The following starting solutions weze used: 0,05 M solution of Hg(NOgl, 0.1 M solution of KCNS, 0.5 M
solution of Fe (NOgly and 0.1 M solutions of KC1 and KBr. All solutions were picpared from chemically puic ot
pure -for-analysis grades. The concentration of the solutions was determined by the usual methiods of gravi-
metric asd volumetric analysis. Mixtures each with a total volume of 50 ml were made up for invedigation.

Eight series of experimets were carried out to study the above -mentioned equilibria. In ¢ach sexies
mixtures were. originally prepared that contained only ferric nitrate and potassium thiocyanate; only FeCNs?"
was then formed in the system according to the equation:

Fe?* + CNs~= FeCNS™. (a)

Due to the presence of excess ferric nitate in the system, the possibility of formation of other iron-thio=

cyanate complexes was substantially excluded. This was also corfirmed by the constancy of the valucs of the

molar coefficients of extinction () for a given wavelength (X) at various ratios of coneentrations of Fe** and
NS, Hydrolysis in the investigated systems could not be at all significant, for the concentration of HNOs i
the solutios was 0,15 M. The ionic sirength of the solution, due to HNOz and Fe (NOg)y, was 0.35.

The molar extinction coefficient of FeCNS** was found from these experiments by measurement of the
optical densaty of solurions o the FM photometer with an effective wavelength of 496 my or on the Konig-
Martens spec tophotometex at A 560 my and a cell length of 1 cm. All measurements were at 25 + 1"

After determination of the molar extinction coefficient, which was equal to 3500 + 30 at Aeff 496 my
and 2000 + 20 at 560 my, mercuric nitiate was introduced intoSystem (a) in such amount that substantially the
whole of the mercury was bound as mercuric thiocyanate:

Hgl* +2CNS™ = Hg(CNS). (b)

Duting this reaction patt of the FeCNS®" was decomposed due to displacement of the equilibtium of (a)
to the left. The minimum value of the optical density (D') corresponds to this in Figs. 1 and 2. Formation of
detectable amounts of Hg(CNS);™ was excluded since the equilibrium concenuation of GNS™ in solution was
very small due to the presence of excess ferric nittate.
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Examination was then made of mixtures of the four components ~ mercuric nitrate, potassium thiocyanate,
ferric nitrate and potassium chlorlde (or bromide). The concentations of the first three components remained
constant in this experimental series, and only theoriginal concentrations of chloride or bromide were varied.

In this case, apart from equilibela () and (b), we also have the equilibrium:

Hg(CNS)y +2X ™ = HgXp + 2CNS ™, (©)
or even the equilibria:
Hg(CNS); + X~ = Hg(CNS)X + CNS o m

Hg(CNS)X + X = HgXy +CNS™, (1)

where X~ = Cl1™ or Br—.
The thioeyanate displaced by the halide immediately gave fresh amounts of FeCNs**, and the optical
density (D) increased,as seen from Figs. 1 and 2.

yJ
10

0.8
06
24
02,

0 2 & 6 8 W 12 # 3,4
Cop10°m. gy 10*m
Fig. 1. Change of optical density in the system Fig, 2. Change of optical density in the system
Hgt*—CNs™ —Fe'*—CL™. Hg —CNs~ —Fe —oBr' :
0 -3.107 0 -0.9-107 e =3-107M,C% =4.5-10°M,
D Cg, 3-107% M, cHg 09107 M ) Cre Hg

=410 = : 0 24-104M, A =496 m p;
Cygm = 471074M Ay = 496 mp: Cens off. u

1 c;e =3-107 M, c';g =1.8-10% M, m c‘;e =3-107% M, c:{g =9.0"107° M,

-4-107¢ = .
Cons— 24107, A =496 mus Chpsm =4 107 M A g 496 my;

1) c;e =3:107%M, c;{g =4,5°10°M.

. .
0 -3.10TM,C) =45'10°M,
) G}, =8:10 M,

L1074 = f * =2:10 =496 my;
107M, o = 496 mps Chps—= 27107 M ¢ my

) c"FE =1.6-10% M, c;g =2.4-10" M, V) c:_e =1.6°107M, C:-lg 2241074 M,

=1M, A =560 my. Q. €607 M, X =560 my.

0 —6.6°107 J
C, s,rG.G 10 M'CKN NS

CN: 0y

In addition to the above-mentioned equilibria, still another equilibrium was developed In this complex
system:
+
Fe** + X =FeX’ . (uny
In the relevant experiments it was shown that the colored complexes of FeCI** and FeBr** that were formed
did not, within the range of our concentrations, distort the optical density which was the foundation of all our
calculations.
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The dependence of the magnitude of the optical density in mixtures of Hg(NOy), ~KCNS~Fe (NOghy =
~KCI(KBr) on the amount of added chloride or bromide is plotted in Figs. 1 and 2,and the resulis are akso
presented in Tables 1-4.

DISCUSSION OF RESULTS

If we assume that equilibrium (c) exists in the investigated mixtures after addition of the halide, then
the equilibrium constant can be written:

[Hg(CNS)y] x?
[HgX;] [CNS J?
The "constant"calculated on the basis of this assumption changes by a factor of several tens orhun-
dreds in the investigated range of chloride or bromide concentrations. This is clear evidence tat the reac
tion does not go according toScheme (c) but stepwise according toSchemes (I) and (11).

Calculation of the stepwise equilibrium constants confirms this assumption, since the equilibrium
constants in this case do indeed remain constant.
The equilibrium constant of Reaction (I):
[Hg(CNS)X ] [CNS ) o
[Hg(CNS) 1 [X 1
can be calculated if we know the initial concentrations of the starting reactants and one of the equilibrium
concentrations. In the present case it is most convenient to calculate the equilibrium concentiation of the
thiocyanate since it is related in the simplest fashion to the equilibrium concentration of FeCNs?* which is
directly determined by experiment:
CreCNs**

Cens== Xreons* - C @

oSt
As the calculation shows, the equilibrium concentration of iron (G, ) in our experiments differs
little from the initial concentration (c"F 5,)- The value assumed for the instability constant of iron
5
thiocyanate (K

FeCN.
generally known expression:

521185107 [1). The concentration of the colored complex was found from the

Crecnst* e 1 @

where D is the optical demsity, & is the molar extinction coefficient, and L is the length of the cell (in cm).
By substitution in Equations (2) and (3) we find:

(2a)

Since the expression

Kpecns™
1 ¢
Fe €T .

will be constant for each series of experiments, Equation (24) must finally wss..us die jorms

=aD. 4

Cons=~ ¢ @

We find the equilibrium concentration of Hg(CNS) X from the difference in optical demsity before ad~
dition (') and after addition (D) of the halide.

The concentration of the complex Hg(CNS) X will evidently be equal to that amount of thiocyanate
which is formed as a result of displacement according to Scheme (I). Since part of the displaced thiocyanaie
is bound in the complex FeCNSH, it is clear that

Cugensyx - Crecnstt Crecnstty " Cons= ~ Cons™ ®
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TABLE 1
Equilibrium Constant of the Reaction Hg(CNS), + C1” = HR(CNS)CL + oNs™

" Optical Initial con-| Constant Ratio of complex forms (in %)
EXPLNO| gonsicy | centration N A _—
) of chloride | K§'- 10 - o
lec, 10w H(CNS)h HiCly

Series |

Chy =9 1077 m.,, Cons=14-10""m., Aopq, =496 mis.
100 -
80 19
33
54
6

Clns =4+ 1074w, Dyqy, =496 mix

42
50

Series Il
2107w, Cphy =45-107%m, Clys =2 1074, hgp
0.268

-16-1072m., Cpy=24-10"4m., Clns=66-10"*m., Cina, =
% = 560 mit

where C\are

before addition of halide, while CFeCNS"‘ and CCNS_ are the concentrations after addition of halide. Slightly

and C'CNS_ are the equilibrium concentrations of the colpred complex and of the thiocyanate

rearranging Eqation (5) with the help of Equations (3) and (4), we find:

CHg(CNS)X =

(D=D") + & (D=D").
Finally, if we put

(sb)

and denote by AD the difference of optical density after addition of halide (D) and before addition of halide
(D"), we obtain:
C = D.
ngcnsx - O R (50
since the equilibrium concentration of Hg?* will be a vanishingly small magnitude ( < 107! M) in our
peri then the equilibri of mercuric thi is expressed through the initial con-
centration of mercury and the equilibrium concentrationof the mixed complexin the following manner:

380
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TABLE 2
Equilibrium Constant of the Reaction Lig(CNS)y + Br ™ = Hg(CNS)Br + CNS™

Expr, | Optlcal | Initial | Constant Ratio of complex forms (in %)
. concentra-
No. | demsity | iionof bro-l BF |77 —

D id )

(D) (C%]nr'ﬁ)sM)N HyCNS), | HgCNS) | HeBn

Series I
Cf,=8-10"2m., Ch =45-10""m, Ciyg =410~ m.,

Series 11
0 _a. 10~ W 9. 10~ 0 -
CL=3 1072w, Chy=91070m, Clyg=4-1070u,

Series

45-10"5m.,

Clys =66 1074 m.

0 -
Cugtt ~Crgons)x.

Substituting in Equation (6) the values of Gy oy from (5¢), we obtain:

S0, -
Cugconsy ~ Chigt* (y +a) AD. (62)

If we substract from the initial c ion of halide the cor ions of mixed complex and iron-
halide complex, we obtain the equilibrium concentration of the halide:

C

o

—c -

X X~ Hg(CNS)X Crext* (O]
Taking (5¢) into account, Equation (7) can be written:

c, _=C"_ - =
Y- Tt 7AD" Cpopee (12)

The last term of Equation (7a) is easily calculated from the expression for the equilibrium constant of
Reaction (III):
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c - G-
C . Ee x ®
2= .
FeX’ Keoxt*
The values of the instability constants of the complexes of FeCI'* and FeB?* entering into Equation
(8) ae taken from a paper by Rabinowitch and Stockmayer [2] and are equal respectively to 0.24 and 2.

Substituting the expressions obtained for the equilibrium concentrations in Equation (1), we obtain
in the final form the calculated formula for the equilibrium constant of Reaction (1):

The calculated values of Ky are given in Tables 1 and 2.
Table 1 shows that the values of Ky are constant, The mean value from the series of measurements is
= (4.0 +0.3)-107%

We see from the data of the table that the displacement of thiocyanate by chloride from Hg(CNS)
proceeds already at the first stage ofReaction (€) with considerable difficulty and with a large excess of
ehloride, Even more difficult is the displacement of the second ion of thiocyanate; hence Reaction (1) is
very slightly complicated byReaction (If) over a large interval of chloride concentrations. To demonstrate
this, we calculated the ratio of the complex forms in percentages. The required concentrations of Hg(CNS),
Hg(CNS)CI or Hg({CNS)Br were calculated as shown above. The initial concentration of mercury (CJ; 24) Was

known. The HgCl ion and the HgBry
of Reaction (1I) (see later).

were found from the expression for the constant

In the case of displacement of thiocyanate from Hg(CNS), by bromide, both of the processes (1 and
(11 overlap to a large extent. We evaluated the values of KB for those concentrations of bromide at which

Br
ot more than 10% HgBr, is formed and we obtained the mean value from a series of measurements: K=
=47+ 0.7,

‘When the calculation of the equilibrium according to Scheme (D) with utilization of Equation (6a) pointed
{0 the absence of HE(CNS), from the mixture, we proceeded to caleulate the equilibrium according toScheme
(II). The equilibrium constant of Reaction (1) may be written:

Xp] [C]

Kn: [Hg(CNS)X] [X ] : 0

The equilibrium ion of thi was determined from Equation (4). Equation (5¢) is no
longer suitable for calculation of the equilibrium concentration of mercury thiocyanate -chloride. We find

it a4 the difference between the initial concentration of the thiocyanate ion and the equilibrium concentra~
tions of the thiocyanate ion and ferric thiocyanate:

[l =c® _-C..-~C
Hg(CNS)X  CNS CNS FeCNS?. an

Combining Equation (11) with (3), (4) and (5b). we obtain:

Lo .
Chg(cNs)x - “ONs™ (a+y) D (112

Since the of Hg(CNS), is ingly small, the equilibrium concentration of the mercury
halide may be expressed as:

c, . =¢c. —C - —
HgX, Hg  HR(CNS)X Cng,. (12)

Here it is no longer possible to ignore the formation of HgXg™ , since the concenrations of halide are
very high:

HgXy + X = HgXy . aw)
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The concentrations of HgXi~ calculated from the expression for the equilibrium constant ofReaction

(1V) are set forth in Tables 3 and 4.

TABLE 3°
Equilibrium Constant of the Reaction Hg(CNS)Cl + C1” = HgCly + CNS™

Expt. | Optical Initial con-
centration Constant
of chloride | LCI. g0
Ky - 10
(Cly +10°M) i

Ratio of complex forms (in %)

—

Hy(CNSICI HeCly \ HgCl

Series I
13 18
11 \ 62

Series 11
17
13
18

Series 11
1
13
0.8
0.2

Series IV

| 1S
™| 16

+For initial conditions see Table 1.

Combining Equation (12) and (11a) we obtain finally:

—c -
€Y s—* @+ D7E

c = ¢ -
HgX,  Hg Cl HgXs -

(122)

Finally, we find the equilibrium ion of halide by from its initial ion the

amounts going into the composition of the complex compounds:

o
_=c -t -C ~ - -
Cx= = Cx- 2Cl-xgx, Hg(CNS)X Crext* Cﬂgx, . (13)

Inserting in Equation (13) the values of Gy, and C from Equations (12a) and (11a) and carry -
2

Hg(CNS)X

ing out the elementary mathematical rearrangements, we obtain:

PR v
G, _=Cym ~20p, +C

hg "Consm (21 D=Cpoxtt * Chgxy . (13a)

Here we substitute the values derived for the equilibrium concentrations in Equation (10) and we obtain

the following final expression for the equilibrium constant of Reaction (ID:
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The values of constanis calculated from Equation (14) are set forth in Tables

With increasing concentration of chloride in the mixtures, the optical density only rises up to a certain
limit and then starts to fall (an example is Experiment 4, Series [T in Table 3). We assume that in this case
the amount of FeGNS?* formed by of thioc e according fon (I1) is smaller than that
undergoing decomposition according to e reaction: FeCNS™* €17 = FeCI*' + CNS™

Exp on this step were since calculation according to Scheme (I1) would have been
extremely difficult.

From the data of Tables 3 and 4 we find the mean values of the constants Kﬁ' = (1.4 +0.2)°10 and
l(‘:; = 0.34 +0.04.

The values obtained for the equilibrium constants of Reactions (1) and (1) enable us to calculate the in-
stability constants of the -halide and of mercury For this purpose, we
multiply and divide the right-hand side of Equation (1) by [CNS ] and the right-hand side of Equation (10) by
[X7]. We then obtain a slightly different expression for the equilibrium constants of Reactions (I) and (11).

Kg(onsy, (15
KHE(CNS)X
K|

Hg(CNS)X Ry

© .
HgX,
and K, are instability constans of the respeetive compounds.
3

i

vl K
where Ky onsy,’ SHg(CNs)x

TABLE 4°*
Equilibrium Constant of the Reaction Hg(CNS) Br + Br~ = HgBry + CNS™

Initial con- . B

Optical |centration | Constant | Ratio of complex forms (in %)

density | Of bromide w8 -

(D) Hg(CNS)Br l HgBr, ‘ H'B';_
|

|

|
Series II
0.23
0.28
0.30
033

Expt.
No.

Series I

Series IIT

0.37
039

Serfes IV

|
I

Taking for the instability constant of mercuric chloride (KH Cl,) the value 6.0 107, and for mercuric
3

| £ |
[

bromide (K, . ) the value 4.7 1078, as reported in the literature [3], we find from Equation (13) the in-
2

stability constants of the thiocyanate-chloride complex K =8.4-10"" and of the thiocyanate -bromide

Hg(CNS)C1
= L1078,
complex Ky gy = 16710

* For initial conditions see Table 2.

384
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The above values of K[Cl and Ky onsicr after substitution in Equation (15), enable us to find the
) ) ) e 410 N
magnitude of the instability constant of mercuric cyanide: Ky cyg = 3471075 The very same calcula

give for K. a value of 7.5°107, Of the two values

B
tions with utilization of Kl’and K HE(ONS

Hg(CNS)Br
of Kiig(ONS)y obtained by different routes, we consider the value of 3.4-10 " t0 be the more trustworthy.

The results of the present investigation undoubtedly confirm the existence in aqueous solution of mixed
thiocyanate -halide complexes capable of existing in presence of a large excess of halide and distinguished
by great stability.

The literature data for mixed complexes of mercury are also consistent with the existence of mixed
mercury thiocyanate -halides. Thus, for example, a study of the Raman specura of mixtures of alcoholic
solutions of HgBry and HgCly, HgBr and Hg(CN)y, HgCly and Hg(CN), by several authors [4, 5] revealed the
presence of halide and cyanohalide complexes HgClBr, Hg(CN)Br and Hg(CN)CL.

There are indications that Hg" forms stable mixed pyridinosalicylate complexes [6], etc.

Unfortunately, there are no data for the stability of mixed complexes of mercury (or for many other
complex formers) in aqueous solutions; such data would have enabled us to analyze the character of their
stability and formation.

It is interesting to note that in the compounds Hg(CNS)B and Hg(CNS)CL the chemical affinity of
the addends in aqueous solution is greater than the surh of the individual mean values of chemical af-
finity of the addends in the simple complexes of HgBr, and Hg(CNS), or HgCl, and Hg(CNS);. A similar
feature of pyridinosalicylate complexes of copper was pointed out by A. K. Babko [7]1n a study of the con-
ditions of their formation.

The stability of Hg(CNS), was found to be similar to that of HgBy. This is fully undersiandable in
the Light of the fact that the most important properties of the addends Br~ and CNS ™, such as charge, radius,
heat of hydration,and electron affinity of their constituent atoms or atomic groups, are identical (8],  The
value of the instability constant of Hg(CNS), that we found is very different from the value of 2- 10 given
in the literature [9].

The resuls of the above investigations can be utilized for selection of optimum conditions of mercuri-
metric determination of CNS™ and also of mixture of Br~and CNS™.

SUMMARY

1. A stdy was made by the optical method of the equilibrium in the systems: Hg(NOg} ~KCNS™
~Fe(NOg); — KCL and Hg (NOg), ~ KCNS—Fe(NOy); ~ KBr.. The stepwise character of the reaction
Hg(CNS), + 2X ~ = HgX, + 2ONS~ (where X = G1~ or Br ) was demonsuated; in this reaction the formation
in solution of mixed thiocyanate -halide complexes Hg(CNS)Br and Hg(CNS)CL was established.

2. The equilibrium constants of the following reactions were found:
Hg(CNS), + C1™ = Hg(CNS)C1 + CNS ™, Kfl = (4.0 +0.3)-10%
Hg(CNS)C1 + C1~ = HgCl + CNS™, l»:uCl = (1.4 £ 0.2)-107%
Hg(CNS), + B~ = Hg(CNS)Br + CNS'.Kzz 4140
x
Hg(CNS)Br + B~ = HgBry + ONS™, K = 0.34£0.04.
3. The values of the instability constants of the complexes Hg(CNS)Br, Hg (GNS)CL and Hg (CNS),
were determined: KHg(CNS)Br =1.6-107"%, KHg(CNS)Cl =8.4:107", KHg(cNS),: 3 o8,
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Ammonium tetrathiocyanomercuroate has found wide application in qualitative and quantitative analysis

[1-13]. It is employed for precipitation of salts of some divalent cations, such as Co*, Cd™", Cu”", Zn"" and
others, in the form of Me[Hg(CNS);]. The study of the properties of compounds of this type, and in particular
their solubility, is of undoubted practical and theoretical interest.

In the present research we studied the solubility of Co[Hg(CNS),]. In the literature on this subject we
found only one paper, by B. V. Cuvelier [14], which described the determination of the solubility of cobalt
tetrathiocyanomercuroate in water and in aqueous solutions of ammonium, potassium and sodium chlorides.
His experimental technique was not distinguished by great accuracy and only permitied determination of
solubility at relatively high temperatures (40-60°). We investigated the solubility of this salt by the radio-
metric micro method, using radioactive cobalt Co%’.

The stdies of I V. Tanaev [1€-17] have shown how important is the study of the solubility of pre~
cipitated salis in aqueous solutions of electrolytes.

Our problem was the determination of the solubility of Co[Hg(CNS),] both in water and in aqueous
solutions of some in various ions and at various We used 2 solution of
cobalt nitrate containing Co™ as radioactive indicator. The total concentration of cobalt in solution was
10.8 mg/ml; 0.25 ml of this solution was treated with 0.25 ml ammonium tetrathiocyanomercuroate *. A
blue erystalline precipitate of Co[Hg(CNS) ] quickly came down when the reactants were in these ratios. The
precipitate was stirred, allowed to stand, and after a few minutes it was centrifuged. The mother liquor was
removed and the precipitate washed several times with water. The washed precipitate was wansferred to a
small beaker and 2 ml of the appropriate solvent was added, The beaker was placed in a jacketed vessel con=
nected 1o a thermostat, The precipitate was stirred with a magnetic stirrer.

The-experimental procedure consisted in preparation of a saturated solution of the investigated substance
at the temperature of interest to us and determination of the radioactivity of a known volume of the saturated
solution. This activity was compared with  standard possessing 2 known specific activity.

We established the instant of saturation of the solution of cobalt tetrathiocyanomercuroate by withdraw -
ing samples at definite time intervals (1 hour) and measuring their activity. Samples continued to be taken
off until constant activity was attained; this point corresponded to saturation of the solution. The solubility
was calculated from the formula:

Ay " 1000

s A 5804

where S is solubility of Cy [Hg (CNS)] (mmol/l); A, is the activity of the amount of cobalt present in
1 m1 of saturated solution (impulses/min.); Ay s the specific activity of 1 mg cobalt (impulses/min.);
58.94 is the atomic weight of cobalt.

The error in determination of the solubility did not exceed 2-3% of the measured magnitude.

" The reagent was prepared by dissolving 5 g Hg(NOy)y and 5 g NH,CNS in 6 ml distilled water.
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Results of determination of the solubility of cobalt tetrathiocyanomercuroate in water at various tempera~
wures are set forth in Table 1, Saturation of the aqueous solutions of Co[Hg(CNS);) was reached in 2 hours at
the temperatures in question.

The temperature dependence shows that the solubility of the salt in water follows the general laws for
the majority of precipitates of difficulty soluble compounds.

TABLE 1 TABLE 2
Solubility of Co[Hg(CNS ), in Water at Various Solubility of Co[Hg(CNS), ] in Solutions of Electrolytes
Temperatures of Various Concentrations at 13.5

o ColIg(CRS)) (mmal/D)
Temperatre Solubllity of Co[Hg(CNS),] * Concen- |_Solubility of Cotig(CRS) (mmol/1)
e

mmol/L watlon o I

T tro- ‘ NHBr | NHWNO,

elec |
1,09 lyte () 1

‘ “
1.46 00
1.98 y
2.68 &
TABLE 3 [
Solubility of Co[Hg(CNS), ] in Solutions of Electrolytes
of Various Concentrations at 20°
c It is known that addition of foreign ions influences
Sty the solubility, the effect being the greater the higher
Iyte (N) ~ the valence of such ions [16].
KNO, | KiSO: | KiH(CNS

NHCNS

Concen- | Solubility of Co[Hg(CNS),]
(mmol/1)

For the purpose of establishing how the solubility
changed with the ionic strength of the solutions and
with the nature of the solvent, we determined the
solubility of cobalt tetrathiocyanomercuroate in aqueous
solutions of a series of electrolytes.

EREA-ES

In the first series of experiments we determined the
solubility of this salt in solutions of NH,CNS, NHCL,
NH,Br and NH,NOg of various concentrations at 13.5°.
Sawration was attained in these solutions after 2 hours,
just as in the case of aqueous solutions of Co[Hg(CNS);3.
Results are given in Table 2. In solutions of these
electrolytes at all concentrations, the solubility of
cobalt tetrathiocyanomercuroate s higher than in water, with the exception'of 0.01 N and 0.1 N NH(CNS solu~
tions in which the solubility was lower; this anomaly may be due o the influence of the slight excess of mono=
valent CNS' fon.

.46
49
51
1
8
90
12
71
05

SR @R
g8 22 Nkhas

1
1.
1!
1
1
1.
2.
2.
EX

8sl&

The solubility of the salt under investigation depends not only upon the ionic strength of the solution but
also upon the character of the yte. Halogen ining e ytes raise the solubility of the salt.
The highest solubility is observed in solutions of NHBr. The increased solubility of Co[Hg(CNS)] in solutions
of halogen-containing compounds and in 0.5-1.0 N solutions of NH,GNS is explained by the formation of com-
plex compounds according to the scheme:

Co[Hg(CNS);] T Co” -+ [Hg(CNSK)”
+ +

4’ 4’
[CoX,)” (HgX,])" +4CNS',

where X = CNs', CI' or Br'.
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Similar experiments were undertaken with the objective of determining the solubility of cobalt tetra=
thiveyanomercuroate in aqueous solutions of KNOs, KSO4 and Ky [Hg(CNS) ] at 20° (Table 3). Saturation

in these aqucous solutions was attained in 3 hours.

The following conclusions can be drawn from the data of Table 3:

The solubility of cobalt tetrathiocyanomercuroate in solutions of potassium sulfate and nitrate increases
with increasing concentration of electrolyte. Solubility in potassium sulfate solutions s higher than in potas-
sium nitrate solutions of the same concentration. The reason is that at identical concentrations the ionic
steength in potassium sulfate solution is higher than in potassium nitrate solution.

The total jonic concentration appreciably influcnces the solubility of the cobalt salt. In 0.1 N solution

of K, [HE(CNS),] a minimum value of solubility is obse
plete precipitation of Co[Hg(CNS),] it is necessary to h.

rved. Consequently, in order to achieve more com=

ave excess (0.1 N) of potassium or ammonium tetrathio=

cyanomercuroate, Solubility in the Kp[Hg(CNS),] concentration range of 0.01 to 0.1 N falls with increasing
concentration of the total ions in solution, The rise in solubility in the interval of 0.1 to 1.0 N Ky [Hg(CNS)4]
may be explained by the rise in fonic strength of the solution.

When salts of cobalt are p with

or potassium the solution

above the precipitate nearly always contains a slight excess of ions capable of influencing the solubility of the

precipitate. Similar equilibria between the solid phase

and the electrolyte solution is frequently encountered

in practice; it was therefore of interest to investigate the system

Co[Hg(CNS))~K; S04~ Kp [Hg (CNS) ]

and 1o follow the change of solubility of Co[Hg(CNS),] as a function of the concentration of one companent of

the other.

We determined the solubility of CoHg(CNS);] at 20° in solutions with a constant ionic strength () but
with various ratios of components, and also in solutions of various ionic strengths with identical ratios of com-

ponents (Table 4, Fig. 1).

TABLE 4

Solubility of Co[Hg(CNS);] in Solutions of KpSO4—~
K, [Hg(CNS),] with, Various Ratios of Components at
20°

concen- |percent content of K{Hg(CNS)]
tration of| ' in the mixture of both salts
compon-
ents (N)

001 | 0.740 | 0.480 | 0.210| 0.180| 0.120
0.10 0.243 | 0.116 | 0.090| 0.071| 0.050
0.50 0.280 | 0.144 | 0.095| 0.075| 0.069

-
Total |solubility of CoLHg(CNS)J(mmol/1)

| inthe mixare of PR S
2] 0] o] w [

TABLE §

Activity Coefficients of Co[Hg(CNS),] inDilute Solu-
tions of KNOj and K,SO4
-

Concen- | Mean activity coefficients

tration of| of CO[Hg(CNS),] in solutions of
electro- |==——————r
N I

Curves ACy, MGy, ACs, MGy, AsCs in Fig. 1 show the change of solubility of the salt in pure solutions of
Ky (Hg (CNS),] and in mixtures of identical percentage content of components. Each of these curves has a
minimurm at a point with an ionic strength of about 0.15, which corresponds to a total of 0.1 N concentration
of the components in the mixtures. This confirms the above suggestion that it is desirable to take a 0.1 N ex~

cess of precipitant for precipitation of cobalt

Curves AjAs, BjBs and CiCs show the

change of solubility in mixiures with identical ionic strength but differing ratios of components.

With falling percentage content of total ions in the mixtures, the solubility increases. Similar data were
obtained also in the case of the system Co[Hg(CNS)] ~KNOy ~KAHg(CNS)] (Fig. 2)-
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Fig. 1. Solubility of Co[HgCNS)gJat 20° in solutions Fig. 2. Solubility of Co[Hg(CNS)qJ at 20° in solutions [ ¥ lyutina, Factory La 174 (1985),
of KpSO, ~Ki{Hg (CNS),] with various ratios of com=  of KNO; ~Ky{Hg(CNS)J with varlous ratios of components. [12] Yu. Yu Lurye, N, Filippova, Factory Lak., 8, 1047 (1939).
ponents. [13] B. V. Cuvelier, Z. anal. Chem., 101, 108; 102, 16 (1935).

Some of the data in Table 3 on determination of the solubility of Co{Hg(CNS),] in water and in dilute [14] B. V. Cuvelier, Z. allg. anorg. Chem., 226, 197 (1936).
solutions of potassium nitcate and sulfate are plotted in Fig, 3*. These permitted calculation of the activity pro 15
i I V. Tananaev, 1. B. Mizetskaya, J. Anal. .. 6, .
duct and of the mean activity coefficients of Co[Hg(CNS);J. As we see from Fig, 3, in the region of approximate s8] etskaya, J. Anal. Chem., 6, 337 (1951)
conformity with the law of ionic strength, the solubility of cobalt tetrathiocyanomereuroate in solutions of potas-
sium sulfate and nitrate of identical ionic strength is substantially constant. an
<107 1 )
cu.la(ed from the graph, is 1.25- 107 mol/l, Consequently, (18] A. F. Kapustinsky, J. Gen, Chem., 13, 50 (1943).
Using the values of P_ and § of the salt under investigation,
formula: £ = VPa /8.

[16] L V. Tananaev, Yu. L. Lelchuk, V. Kh, Petrovitskaya, J. Gen. Chem., 1207 (1949) (T.p. 1201)*.
1. V. Tananaev, L. B. Mizetskaya, Bull. Acad. Sci. USSR, Div, Chem. Sci., 4, 391 (1948).

Solubility in solutions of zero ionic strength, cal
the activity product P_ = (125" 10" =~ 1.5- 10,

a
we calculated the mean coefficients of activity (Table 5) according to the
Received June 21, 1955 Gorky State University

With increasing ionic strength of solution the activity coefficients decrease.
SUMMARY * T. p. = C. B. Translation pagination.

" 1. The solubility of Co[Hg(CNS)] in water was
Ay determined as a function of the temperature.

KNGy 2. The solubility of Co[Hg(CNS);] was determined
in solutions of a series of electrolytes at 13.5 and 20°.
The solubility of this salt was shown to be dependent
upon the ionic strength of the solutions,and upon the
nature and ratios of amounts of salts present in the
solvent.

Halogen ing e i in-
ig. 3. Solubility of Co[Hg(CNS)] in dilute solut
Fig. 3. Solubility of Co[Hg(CNS),] in dilute solutions . o,co e solubility due to complex formation. In pre~
of KNOg and K;SOy. !
sence of monovalent ions the solubility is considerably
lower than in water, Optimum conditions were found

for precipitation of cobalt by a solution of ammonium teuathiocyanomercuroate.

3. Galeulation of the activity product of Co[Hg(CNS)), gave a value of 1.5-10”; the mean activity coef-
Y p 8 8 y

ficients of this salt in aqueous solutions of potassium nitrate and sulfate were also calculated.

LITERATURE CITED
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« For of graphical repi ion, values of Vi are plotted on the abscissas instead of the con=

centration of electrolyte.
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STRATIFICATION IN TERNARY SYSTEMS WHEN THE COMPONENT BINARY
SYSTEMS ARE HOMOGENEOUS

L. Kropatkin

The problem of the development of layering i ternary systems whose component binaries are all homoge=
neous was raised 19ng ago in the literature [1). The sysiem water-phenol -acetone with as upper Lemary critical
point has been cired [2] as an example of such a case. U Lothermal sections of this system, existing at tempera-
tures above the crinical bisary layering <ystem water-phenol but below the ternary critical point, a layering re-

gion exists when 21l the binary systems are | s at these c. On lowering the temp how-
ever, the layering tsotherms are corcentrically widened and reach the side of the system water-phenol, and then
layering is developed ir, the larter. Consequenily, the regions of layering of the temary and binary system over-
lap and therefore the sy<tem watei-pheval -acetone does not belong 10 the ype of temary systems under considera-
tion.

Neverthelass it is possible in principle to develop layering in & temary system when layering is entirely ab-
sent from anv given pair of the componeats 1 30y temperawres. The abjective. of the present investigation was

1o investigate such a case, 10 elucidate e causes of layer fomation and to establish the conditions for prognosis

of ternary systems of ihe types to avestios., The sysrem selected for this investigation was antipysine-chloral
hydrate-watet.

EXPERIMENTAL

The following substnces were useds chloval hydrate ( pharmacopeialy with m.p. 48% aotipyrine (pharma-
copeial) with m.p. 113° 3¢9 water, twice distilled. The binary systems enrering into the three-component sys™

tem have the following characteristic

System chloral hydrate -~ aatipyring (X - A) was investigated by the fusion method [3). 1t was found to
contain two Componrde with Tearly ‘dentie 3l melring poret; Compound ¥pA melts at 61.8° and contains 36.30%
antipyrine; Compound XA welrs ar 62.8° a1d courains 53.80% autipyrisie. The system chloral hydrate — antipyrine

predomiriates in the sysiem chloral hydrate ~actipy:ive = water

The system chloral bydrate = water was studied in the course of investigation of the binary system chloial~
water by the fusion [4] ard viscosity [5] methods. The fusion curves of the system chloral = water revealed the
presence of 3 compeunds is. which 1 molecule of chloral was associated with respectively § , 1and 7 mole-
cules of water. Cousequently iz the system chlorsl hydsate = watet the fusior disgeam recorded one compound ~
the heptahydrate ( melting a1 ~L.4% . But o the viscosity curves of the system chloral ~ water, already at 50°
only one compourd is reflected = chloral hydrate. Thus, iv. the liqund phase of the system chloral hydrate — water,
neither the heptahydrate nor othier compounds are detected. Tn the system chloral — watex e mixture containing
40-60 mol % chloual statifies o heating o 175-190° [6]: hence at lower temperatures, at which starification
occurs in the ternary system, the system cbloral hydrate = water is close to the swaification point, L.e. it s 1n
latent strarified state [8].

The system antipyrive ~ water was siudied ip the present work. The solubility of antipyrine fn water was
detormmined visually. The data obtained are presented in Table 1 and plotted in Fig. 1. The diagram shows that
the crystallization curve of antipyrine has a nesrly horizontal postion at a temperature of about 80° over the

stretch of 30 1o 0% astipyrine, which is characteristic of systems with metastable layering [7] or of systems ex-
isting in the latent-layering state [8]. An attempt was therefore made to detect layering. With this objective,
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and undercooled to 70° below their

three mixtures, containing 30, 50 and 0% antipyrine were heated to 160°
4. Consequently, it had

reorystallization temperatures, L.e., to 10%  in no case, howeves, was layering manifeste
been demonstrated that the system antipyrine — water fs a system of the latent-layering type.

TABLE 1
Equilibrium in the System Antipyrine — Water

Water con-
tent (in
)

weight %)

Crystal
lization
temp.
81.0°
- 80.5
9.0
69.0

Water con-

tent (in

weight %)
0.00

10,00

20,00

30,00

40,00

Crystal-
lization
temp.

W% #0

501
ot 0¥y

Fig. 1. Crystallization in the system antipyrine —water.

Temary system antipyrine ~ chloral hydrate ~ water. This was lnvestigated by the s ratification method
of V.F. Alekseev [9]). The fes of the ion region were ished by study of the polythermic
sections of the prism of the ternary system, extending from the water edge to the boundary of the system, anti-
pyrine — chloral hydrate. Five cuts with 25.0, 36.3, 45.0, 53.3 and 65.0% antipyrine were investigated. The
data so obtained are collected in Table 2, and the stratification polytherm is plotted in Fig. 2 in which the num -
bers designating the polytherms increase with increasing percentage of antipyrine fn the cuts. The cuts contafn-
ing 36.3 and 53.3% antipyrine pass through the compositions of the compounds of the system antipyrine = chloral
hydrate. Fig. 2.shows that in nearly all the cuts the solubility of the liquid mixtures of antipyrine with chloral
hydrate in water is approximately the same and amounts to about 20% of the mixtures. Only fnCut V does it
reach 80%. Conversely, the solubility of water in the indicated mixtures varies considerably, changing from 25%
water {n Cut 1V to 65% inCut L In all the cuts, apart from the left branch of the second polytherm, rise of temp=
erature does not significantly change the reciprocal solubility of the liquids; therefore the solubility curves are
nearly vertical, On the other hand, in the vicinity of the temperature of complete mis cibility of the liquids, the
solubility depends markedly upon the temperature; hence the maxima of the polytherms are very flat, and the
polythorms acquire a certain angularity. These maxima rise from Cut I toCut 1V and then start to fall; Cut IV
s therefore the highest cut of the system. A critical line can be drawn through the maximum points of the
polytherms. It projection on to the triangle of composition is represented in Fig. 3, Curve LK,2. Ithas a turn-
ing potnt K on the cut corresponding to the system antipyrine = chloral hydrate on the composition of compound
XA. Therefore the critical line reflects the formation of a compound in the predominant system.

TABLE 2
Polytherms of the System Antipyrine
— Water

~ Chloral Hydrate ~

ig Cut IIT

curn | Cut IV
136.3%, 63 Fa»45%, 55% *|

335,46 76|

Cut.V
65%,35%.+

Cut I
25%,75%*

2m

ot s
LA
pgiycty

Fig. 2. Cuts through the ternary system
antipyrine — chioral hydrate — water.

i T, .
Explanation in tex TNote: a) Water content (in wt. %);

* % antipyrene, % chloral hydrate

b) stratification temp.
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From the plotted polytherms were constructed
4 solubility isotherms of the system antipyrine =
chloral hydrate — water at temperatures of 45, 60,
70 and 80° (Fig. 8); they constitute closed con-
centric curves, diminishing in size with rising tem-
perature. In this three-component system, we con-
sequently have an upper temary critical point K
corresponding to 21.3% antipyrine, 18.7% chloral
hydrate and 60.0% water and a temperature of 8%
It coincides with the inflection of the critical line
and is located in the cut corresponding to the sys=
tem antipyrine — chloral hydrate on the composi-
tion of Compound XA, All the isotherms have
minima of reciprocal solubility of the liquid phases
which occur in the same cut on the compound of
Composition XA; it is thus confirmed that the latter
exists in the liquid phase of the system. The com-
pound of composition X,A is not reflected on the
stratification isotherms.

Ry 05Cly

It was observed above that in all the poly=
thermal cuts the stratification curves are nearly
vertical. With falling temperature they do not
approach any of the boundaries of the components
of the binary systems, since the latter are then
homogeneous. Consequently, the surface of stratification of the ternary system is not associated with an upper
region of suatification of the system chloral hydrate — water. The temperature interval between them is high
of the order of 100°. Hence, the region of stratification of the ternary system is not a continuation of the region
of stable stratification of the components of the binary systems.

Fig. 3. Solubility isotherms of the terary system anti-
pyrine — chloral hydrate = water.
Explanation in text.

The surface of stratification of the temary system might have been developed as a continuation of the plane
of metastable stratification of the component binaty systems as a case of transition of the metastable equilibrium
between the liquid phases and the stable phase. A similar transition was also realized [10), and in the present
temary system it could be suggested that it proceeds from the boundary of the system antipyrine — water, since the
slope of its crystallization curve could be governed by the existence of metastable stratification in this system. How-
ever, as described above, this stratification was hot detected; this route to the development of stratification in the
present system does Ot exist.

One of the causes of development of stratification in a ternary system with homogeneous boundaries is the
formation of a chemical compound (or complex) which is present in the liquid phase in its predominating binary
system. This condition is essential but is not in itself sufficient. The interrelations of the predominating system
with the thizd component may be such that the latter and the chemical compound have unlimited solubility in
one another, in which event stratification does not occur in the ternary system when its binary systems are homoge~
neous. This is observed, for example, in the homogeneous system allyl mustard oil — aniline = toluene, which was
investigated by N. §. Kumakov and L K. Kvyat [11}). In this case in the predominating system allyl mustard oil =
aniline the compound allylphenylthiourea is formed which has unlimited solubility in toluene; hence the second
cause of development of stratification in ternary systems of the type considered is a character of its interrelations
with the predor system the third uch that the compound formed and the third com-
ponent have Limited solubility in one another .

tin,

The limited solubility of the compound of the predominating system dependsupon the properties of the coms
pound and the solvent. Lt is closely bound up with the character of the interaction of the solvent.with the predom-
{nating system, and consequently it also depends upon the character of the remalning two subsidiary binary systems.
If the systems ( contatning one component in common) are close to stratification, then the strong mutual reaction
of their second leads to weakening of the fon in the. subsidiary systems and mixtures of the re:
acting binary system with thé third Moreover, in i ication

to
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of interaction in mixtures of the predominating system, the reaction is weakened between those mixtures and the
third component. This process of progressive weakening of the bond proceeds from the planes of the binary sub-
sidiary systems msl:de ﬂ?a prism of the ternary system and leads within it to such an interaction between the com=-
:ﬁ‘;:‘; u:: ;e xeact;;lg lz;lnary system (and mixtures close to it) and the solvent that they have limited mutual solu~
bitky. sequently, the development of a region of sratification in a ternary system containing homogeneous

nary systems is goyerned by the behavior of the subsidiary, latently stratified systems as stratifying systems (which
was previously observed [8]) and by interaction throughout the whole ternary system.

i the Z;iatzcz:[;de::lbid ;!;heme of the phenomenon is n‘ol universal, but it is confirmed as one of the schemes
in the sysem wpi ; :m_cr oral hydrate = ater. Its subsidiary systems antipyrine = water and chloral hydrate =
e oo ciosa 1o ification poF(Lhe latter at the temperatures of stratification in the ternay system),

» predominant system antipyrine = chloral hydrate a compound of the Composition XA is formed which
is present in. the liquid phase. Compound XA and water have limited mutual solubility.

s C!ertam conditions for prognosis of temary systems, in which stratification occurs while the component

Y systems are homogeneous, follow from the above considerations. The first requirement is that a compound

L ?xt ::riﬁx)sushb:r;?abe formed in the predominating system of the particular ternary system: secondly, one or two

of the y ry systems should show symptoms of latent stratification (for example, nearly horizontal
ng‘f.s on the crystallization curves). When these conditions are satisfied, we can expect the development of

;rm; ;ca;hun in temary systems, where binary component systems are homogeneous. The paper recently published
y E. F. Zhuravlev with a similar theme [12] does ot conflict with the data of the present paper.

SUMMARY

lenglhlv.l A sbtudy \r;as m;de of crystallization in the system antipyrine = water, and a large, neatly horizontal
as observed on the crystallization curve of antipyri i g

ipyrine. No stratification was observed in it either i
stable or metastable state. red it efhern he

- :._A study was madeof the equi:iibxium of the liquid phases in the ternary system antipyrine — chloral
c}-’m " watery within the prism of this system was detected a region of swatification with an upper ternary
cal point while the component binary systems were homogeneous.

8. The causes were is of the

binaries, and some conditions for prognosis of such ternary :;stems wexe. fo:r:::::;y e A homogeneous
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PHYSICO-CHEMICAL INVESTIGATION OF SYSTEMS CONTAINING
DIOXANE

VI THE SYSTEM SULFURIC ACID - DIOXANE

Ya. F. Mezhenny

In our previous papers we described the results of {nvestigations of dioxane solutions of aluminum bromide
{1, sulfur trioxide (2], pyrosulfuric acid [3], phosphorous acid [4], and hydrogen chloride [5, 6. In the present
paper we consider the system sulfuric acid - dioxane.

A. E. Favorsky [7] had already established that on reaction of sulfuric acid with dioxane the dioxanate of sul-
furic acid is formed. A, E. Favorsky isolated this compound and determined its composition and melting point. As
far as we know, however, the fusion diagram of the system dioxane - sulfuric acid has never been studied. The
starting substances in the present investigation were dioxane with m.p. 10.7° and sulfuric acid with m.p. 10.6°

Thermal analysis of the system sulfuric acid - dioxane. As we see from the diagram, the fusion curve de-
scends to 69 mol- % H,80;. Iis further plotting ~had to be due to the consi i
difficulties associated with rising viscosity and change of color o brown. The diagram clearly indicates the ex-
istence of only one compound of dicxane with sulfuric acid, corresponding to the composition HySOy* CHys. A

pound of the same composition was ished by an entirely different method by A. E. Favorsky [7). The
melting point of this compound on our fusion diagram is 100~101°, Favorsky sports a melting point of 101" for his
compound, We also established a eutectic point on the diagram corresponding to 14 mol-% sulfuric acid with
ization of, i 5°

Electrical conductivity of the system sulfuric
acid- dioxane, Measurements were made with
addition of dioxane to pure sulfuric acid as well
as of sulfuric acid to dioxane. Due to the cir-
cumstance that over a wide concentration inter-
val at room temperature the system dioxane - sul-
furic acid is in the solid state, it was necessary
to deviate rather widely from the previously se-
lected temperature conditions. The sulfuric acid
at 25° had the specific electrical conductivity
k=164 - 107, According to the measurements
of M. Usanovich [8, 9] the specific electrical
conductivity of the acid at 25° is 1.17+107 +.
We see from the diagram that sulfuric acid in
- i dioxane at low and even quite high concentrations

I has a relatively low specific electrical conduc-
anl M=% #50 o o e )
tivity with a maximum shifted toward. the sulfuric
acid, i.e. int6 the region of dilute solution of the
Diagram. System sulfuric acid - dioxane. compound HyS0,.- C4HgO, in sulfuric acid.
1) Melting point, II) specific electrical conductivity.

S

388§

Melting point
§8%8

N Our resullts for the electrical conductivity of
~With variations between 0.9 + 10" and 1.5-107%;
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solutions of sulfuric acid in dioxan:, converted to equivaient electrical cunductivity, are jiven.n “Table 1

Table 1 TABLE 2
Equivalent Electrical Conductivity (A) of Solutions of Cryoscopic Investigation of the Sysiein Sulfuric
sulfuric Acid in Dioxane Acid-Dioxane, ( Dioxane sample G =6.629 g)

Concentration ‘ Weight of sulfuric| 10008
(g-equiv./liter) acid (g) ing = 16

T
Tomperanre |

60° ‘ 36.20 | 3.74 0.7394
25 | 36.20 i 1.422 0.9943
25 28.02 i 0.796

20 ‘ 2.48 ‘ 0.0238

We see from the data of Table 1 that within the sulfuric acid concentration range of 36 10 2.48 g-equiv./l ,
the values of A are between 3.74 and 0.0238, the values falling steeply with dilution. At a concentration of
1.1 g-equiv./1 the value of X is of the order of only 105, Consequently, sulfuric acid in dioxane is a wealer
electrolyte than acetic acid in water, since at a concentration in water of 1 g-equiv./l, the A of acetic acid=132.

Cryoscopy of sulfuric acid in dioxane. of the electrical ivity of dilute solutions of
sulfuric acid in dioxane does not give grounds for classifying it either as a strong or weak electrolyte. This con-

clusion was checked by cryoscopic measurements of solutions of sulfuric acid in dioxane, results of which appear
in Table 2.

These data showthat cryoscopy likewise does not indicate the existence of simple ions of sulfuric acid.

SUMMARY

1. One point corresponding to the complex compound H,SO; - C¢HOy With m.p. approx. 100° was found from
the fusion diagram of the system dioxane- sulfuric acid.

9. The specific electrical conductivity of this system is insignificant at low concentrations of sulfuric acid,
and it rises with increasing relative amount of sulfuric acid. The curve of composition versusk of this system has
a2 maximum which is very strongly displaced in the direction of sulfuric acid and falls steeply on transition to pure
sulfuric acid.

3. The molecular weight of sulfuric acid in dioxane determined by the cryoscopic method is higher than

that theoretically expected.
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INVESTIGATION OF COMPLEX FORMATION IN THE SYSTEM ALUMINUM
CHLORIDE - UREA - WATER BY THE METHODS OF PHYSICO-CHEMICAL
- ANALYSIS

Ya. Rabinovich*

Crystallization from aqueous solutions gives complex compounds of some trivalent metals with urea whose
composition corresponds to the general formula [Me( CONgH)¢JXs. This type of compound has been described
[1]in the case of aluminum iodide, p and di Compounds of aluminum chlo-
ride and bromide with urea are unknown.

With the objective of clarifying the molecular state of urea complexes of aluminum in aqueous solution and
of establishing whether a uminum chioride forms a complex with urea, we studied this system by the method of
phy hemical analysis, and ined the density, viscosity and specific electrical conductivity of the solu-
tions at 15 and 26°.

1. Ostrom fslensky's technique [2) of fsomolar concentrations was applied. Semimolar solutions of aluminum
chloride hexahydrate and urea were stirred in various propostions by volume but with constant total volume. The
measurement technique has been described in one of our earlier papers [3].

DISCUSSION OF RESULTS

Results of measurements of density and viscosicy are plotted in Fig. 1. The viscosity changeslinearly with the
composition of the system. In the region of low concentrations of urea the viscosity isotherms have a very slight
convexity: toward. the axis of composition; like the density isotherms, however, they supply no evidence of chemi-
cal interaction between the components of the system. The icient of viscosity, d from

the formula g ———, 15 0,021 and does not change with the concentration of urea in the system. Results of
5,10 ng Y

measurements of specific electrical conductivity are plotted in Fig. 2, The specific electrical conductvity iso-
thetmns have & discontinuity at an AICly:CO( NHy), molar ratio of 1¢l.. The temperature coefficient of electrical
253

conductivity, calculated from the formula K—gg’% has a very weak mintmum at the same ratio of components.

Consequently, only the specific electrical conduetivity isotherms give some indication of the occurrence of
complex formation in the system. The absence of characteristic polnts on the viscosity isotherms is evidently due
to the very low concentrations of the solutions [4]. The solutions that we i d had a maxi i
chloride concentration of 6.3%, and a maximum urea concentration of 3%. Both the aluminum chloride and its
complex mixture were dissociated to a considerable extent in these solutions. In these elrcumstances it is possible
that the existerice of the complex was not reflected on the viscosity isotherms.

Aluminum manifests a great chemical similatlty to chromium in the trivalent state. This is reflected {n the
properties of complex ds of aluminum and trivalent chromium with urea. In the crystalline state they
have identical compositions and are probably isomorphous. These complexes break down in aqueous solution, the
urea moleculas being replaced in the inner coordination shell by water molecules, According to the data of K. B.
Yatsimirsky and E. L. Yasinskene (5], who examined the absorption spectra of solutions of aluminum _chloride and
urea, the [Cr( CONgH,)(H;0) ¢] fon is formed in aqueous solution. We obtained analogous results for aluminum
chloride by measuring the specific electrical conductivity. As Taube showed [6]),"the difference is that decomposi-
tion of complex compounds of aluminum proceeds very quickly whereas the ition of chy d

*Deceased,
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mpounds of aluminum and chromium,

y slowly. The analogy in properties extends also to other co )
B i vty compl e mfes plex compounds of aluminum and

in particular to the complex oxalates. The inference is that in the similar com ¥ atuminum and
chromium the character of the bond between complex former and addends is identical, regardless of the 1I ;3;‘ -
lectronto structures of the AI® and Cr® fons. It is therefore impossible to accapt as fully Justified that ! assd:’ae! :
of complex character and of the nature of the bond in the complex compounds which assumes that there are differ
ences in the structure of the outer electron shells of the complex formers.

ailly colnty),

50
€Oty (inmol-%)

50
" .
ol (r) Fig. 2. System AICly—CO(NH,);~H,0.
Fig. 1. System AICly~CO(NHz),~H;O. 1) Specific electrical conductivity, 1) tempera-
DS pecific gravity, II) viscosity. ture coefficient of electrical conductivity.
) gravity,

SUMMARY
1. The density, viscosity and specific electrical conductivity of the system aluminum chloride - urea - water
at 15 and 25° were measured by the method involving use of isomolar concentrations.
2. The density changes linearly with the composition of the system.

a the viscosity isotherms are slightly convex to the axis of composi-

In the region of low concentrations of ure
f the system.

tion, The temperature coefficient of viscosity is constant and does notvary with the composition of

cific electrical conductivity isotherms have a discontinuity at the molar ratio ACly s CO(NHy),=

3. The spe: :
=1:1. The temperature coefficient of electrical conductivity has a weak minimum at the same point.
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CAMPHORATES OF SOME RARE EARTH ELEMENTS

Ya. Ya. Dodonov and S. B. Pirkes

Ofthe very large number of salts of rare earth elements with organic acids, only a few are known in which
the acids might be optically active. Although some of them (such as tartrates) have found application in chem-
ical laboratory courses, very little study has been devoted to their salts. This is true of their relative solubility
and complex-forming tendency, not to mention their optical properties.

One of us previously a-b d-camphor-p of cerium and
and showed the possibility of utilizing their optical properties for eval uation of their purity on the basis of the
specific rotation of solutions of the salts [1]. Our attention was attracted by the litdle studied d-camphorates of
elements of the cerium group which Coniglio 2] i fon with d acid of the ace-
tates of these elements ( acidified with acetic acid). Cerium camphorate has been described as insoluble in water
(3],

our on of the d of elements of the cerium group indicated that they
were moderately soluble in water. Due to the fact that solutions of the salts could be prepared with concentra~
tions of anly 1-2%, we have refrained up to now from applying the values of their optical activity to evaluation
of the purity of the preparations. In the cousse of the work, however, it was established that the d-camphorates
of the elements of the cerium group nevertheless differ appreciably from one another in respect to solubility.

EXPERIMENTAL

To prepare the camphorates of the rare-earth elements, we used the chlorides of lanthanum, cerium, prase -

odymium and neodymium, solutions of which were prepared by treatment of weighed portions of the carbonates

E;( CO;)3 *nH,0 with 20% hydrochloric acid, allowing for a slight excess of undissolved carbonate. A solution
of an equivalent quantity of sodium camphorate( calculated on3 moles sodium camphorate to 2 moles of the
initial carbenate of the rare-carth element) was added drop-wise to the solution obtained after the carbonate
residue was filtered off. As the solution was added, a i ipitate of d-campl came
down, colorless in the case of lanthanum, light yellow —in the case of cerium, pinkish ~ neodymium and faintly
green — praseodymium. The residues were filtered off, washed with distilled water and dried in & vacuum-désic~
cator over calcium chloride and phosphoric anhydride. The dry camphorates of the rare earth elements were in the
form of powders which did not melt when heated to 300°.

At 20°, the salts visibly dissolved in water, Solutions were prepared with a 2% content of lanthanum camphor-
ate, cerium fum and i : and cerium partial-
ly precipitated soon after dissolving, but fum and i stayed in solution for several
days and then began to precipitate in negligible amounts. Uponslight heating over a water bath (30-35°), volu-
minous precipitates of the camphorates of the corresponding rare earth elements came down; they dissolved upon

cooling to 1-2°.

The camphorates of the rare-earth elements were practically insoluble in organic solvents (methyl and ethyl
alcohols, chloroform, acetone, ether, benzene and others) .

Determination of the content of rare earth metal (in the form of axide) in the d-camphorates was performed
by simple calcining of a weighed sample of the salt ( dried to constant weight) in a crucible fumace. Heating
was at first carried out with care, in a covered crucible in order to avoid loss of material which might occur upon
rapid combustion of the organic portion. The crucible cover was then removed and calcination was continued at
700-800°. After 3-4 howrs of calcining, the constant weight of the metal oxide was determined.
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Go: La 31.84.
d-Camphorate of lanthanum: Found %: La 31.87. La; ( CyoHuOy)s. Caleulated : La

%: Ce 32.03.
d-Camphorate of cerium : Found %: Ce 31.96. Cey(CioHiOgs- Calculated %: Ce

%: Nd 32.67.
Found %: Nd 29.82. Ndy(CygHyOy)s. Calculated %: Nd 32.67
data, the oxide resulting upon calcina-
respond to the exact composition PrgOyy.

d-Camphorate of neodymium :

Praseodymium camphorate was not analyzed, since according to our

tion of the salt of praseodymium with volatile acids, does not always con S
e pr ,

Upon separation of neodymium camphorate by heating its aqueous solunon‘,;:f(seur r:dr:ec::la“lno \jas ;mwzd
the filtrate remained pink. When an additional quantity of the salt was s‘eplara ;m. anz e
(above 50%). The precipitate which now came down had a less intense pink co o and pon coaling, a1t 4
not dissolve at all in the water. The salt was filtered off and dried mha ;Iaclu:‘rsnw”h ceata o sansan welght,
The analytical results corroborated our supposition of the presence of hydrol yas v fomaion of e asi sl
upon heating. After separation of the precipitate of basic salt, the f\lnall‘e];v ‘ pem i s et vt -
furic acid. After some time, colorless crystals (0.1 g) separated out, whic] ;;vmm%n fon poved 1o b free &
-camphoric acid, poorly soluble in water, m.p. 187", Upon separation of neody) e o
solution, heating carefully to avoid hydrolysis, it proved o pr
alcohol; i quanti came down as &

%: Nd 24.89.
Basic d-camphorate of neodymium. Found %: Nd 24.56. Nd;( OH)3( CioHuOy),. Calculated %: N

The hydrolysis of the salt may be represented by the following equation:

Nz ( CyoHyO4)s + 2H,0=Ndy  OH)2 (C1oH140s) 2+ CioHaeOs -
lculated ( 32.67%)

e slightly low e (29.82%) in to the
The slightly low content of in the d 29.8 i he
may be explained by the presence of slight amounts of the basic salt in the latter compound

d-Camphorate of neodymium, calculated from ethyl alcohol solution. Found %: Nd 32.38. Ndy( CyobyeOs)s-

Calculated %: Nd 32.67. ‘
We also prepared thorium camphorate, which was less soluble than the corresponding lanthanum salt.

SUMMARY

of lanth cerium, pr fum and neodym-

4
1. A method is proposed for preparation of h of Lant
fum by double decomposition of aqueous solutions of their chlorides with sodium camphorate

2. It was established that, contrary to the literature data, the d-camphorates of the elements of the cerium
group are moderately soluble in water; t y P La and Th; the solubility of
heir solubility falls in the order Nd, Pr, Ce, 5
oup ar ul T
the d-camphorates of the rare earth elements increases with cooling and decreases on heating.

3. d-Camphorates of the rare earth elements are susceptible to hydrolysis, and the pofs:}bil:‘;ylv;ali ;:::m of
separating them from aqueous solutions ( with avoidance of hydrolysis ) by precipitation with ethy!
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DOUBLE SALTS OF LANTHANUM, CERIUM, PRASEODYMIUM AND NEODYMIUM
WITH TRIPHENYLBENZYLPHOSPHONIUM NITRATE

G. V. Medoks

As shown earlier [1], tetraphenylphosphonium nitrate [2] is capable of forming double salts with nitrates of
the rare earth clements; these double salts break down to the original components under the action of water and
vary considerably in their solubility in 96%ethyl alcohol or its mixture with chloroform. In view of this behavior,
1t was not without {nterest to prepare similar double salts but using as the organic component triphenylbenzylphos-
phonium nitrate, the latter being more easily accessible, and to study the properties of such double salts,

It was found that the double salts of lanth, cerium, p and fum with ti 1-
fum nitrate have a ition and structure corresponding to the general formula

[(CgHe)3( CoHsCHy) PHIE(NOy) ], where E is an atom of a rare-earth element. In harmony with such a structure,

the alcoholic or alcohol-clloroformic solutions of these double nitrates possess a high electrical conductivity.

The most soluble compound is the double lanth ip ium nitrate; the least soluble is the

neodymium salt. The solubility of these salts was higher than that of the corresponding tetraphenylphosphonium

double nitrates. Of “special interest is the very wide difference in solubility of the double salts of elements with

such similar properties as praseodymium and neodymium; the double salts of the latter also crystallize well.,

EXPERIMENTAL

Double nitrate of lanthanum and i i Tri ium nitrate was
prepared from triphenylbenzylphosphonium chloride, prepared by reacting triphenylphosphine [3] with benzyl
chloride [4]. 1.06 g of triphenylbenzylphosphonium nitrate was added to a solution of 0.68 g La(NOy)3*6H,0 in
2 ml of 96% ethyl alcohol and the mixture was heated until the tetrasubstituted phosphonium salt dissolved. The
colorless crystals which separated out upon cooling, were filtered off under reduced pressure and washed three
times with chloroform (3 ml). The crude product ( 1.37 g), m.p. 158-158.5°, was recrystallized from 96%
alcohol. Yield 1.21 g (69%) m.p. 158.5°.

Found %: C51.87; H3.89; La 11.98. CgyHyOusNsPsla. Calculated %: C51.98; H3.84; La 12.02.

The double nitrate of and triphenyl fum formed colorless erystals, very readily solu-
ble in 96% ethy alcohol, espectally in hot alcohol, and in its mixture with chloroform. It was practically insolu-
ble in ethyl aleohol and in hydrocarbons. It was decomposed by water into its components in the same manner as
similar salts of other rare earth elements.

Double nitrate of cerium and uiphenylbenzylphosphonium.  2.27 g of tfphenylbenzylphosphonium nitrate

was added to a solution of 1.04 g of Ce(NOy)s*3H;0 ( of analytical grade with admixture of Dy salts) in 4 ml of
ethyl alcohol. “The mixture was heated over a water bath until the salt dissolved. The crystals which separated
out (2.68g), after the solution had stood for a long period, were filtered off and washed with 2 ml of ethyl alco-
hol. From the mother liquor . we isolated 0.21 g more of the double salt. Two-fold recrystallization of the crude
product from ethyl aleohol yielded colorless crystals ( 2.17 g) in the form of plates, m.p. 160.75°

Found %o: C51.81; H3.86; Ce 12.07. CgHyOysNsP,Ce. Calculated %: C 51.88; H 3.83; Ce 12.12.

The double nitrate of cerfum and wiphenylbenzylphosphonium was readily soluble in ethyl alcohol, especially
upon heating, in acetone and in alcohol-chloroform mixture. It was practically insoluble in chloroform, ethyl
ether, benzene, toluene and xylene. Addition of water to its alcoholic solution caused it to decompose into its
components .

408
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Double nitrate of p tum and

‘ . ) Ghgof )
nitrate was added to a solution of 0.86 g of Pr(NOy)s - 6H,0 in 3 ml of 96% ethyl alcohol, From the yellowish~
green solution obtained upon heating on a water bath, part of the solvent was driven off. Light-green crystals
separated out upon slow cooling of the solution, weight 1.85 g after treatment. From the mother licuor we iso-

lated 0.17 g more of the less pure double salt. The crude product was recrystallized from boiling ethyl alcohol.
Yield 1.48 g, m.p. 162.5°.

Found %: C 51.80; H 3.89; N 6.02. CsoHyOysNePPr. Calculated %: C 51.85; H 3.83; N 6.05.
The double nitrate of and

pheny was readily soluble in boiling ethyl
alcohol, less however, than the corresponding cerium salt, and was also readly soluble in acetone. It was practic-
ally insoluble in ethyl ether, chloroform and h
above described cerium salt.

L It was by water in the manner of the

Double nitrate of ium and triph i 1.67

of tri nit-
rate was added to a solution of 0.88 g of Nd(NOj)s " 6H,0 in 5 ml of hot 96~/go ethyl alcohol and the mixture was
then heated on a water bath, part of the solvent was driven off and upon cooling, the product crystallized. The
litac-colored crystals that separated out weighed 2.32 g after treatment and were rectystallized from 5.8 ml of
botling ethyl alcohol. Yield of pure product was 2.17 g, m.p. 164.5°. From the mother liquor we isolated 0.15
g more of the less pure double salt.

Found %: C51.6T; H3.85; Nd 12.38. CgyHyOyNeP,Nd. Calculated %: C 51.70; H 3.82; Nd 12.43.
The double nitrate of ncodymium and trip

was iably less soluble than the
preceding praseodymium salt in cold,and especially in boiling, ethyl alcohol (in 1 part by weight of the latrer,
225 patts by weight of the praseodymium salt and only 0.57 parc by weight of the neodymium salt dissolved) .
Tt was readily soluble in methanol and acetone. It was very sparingly soluble in cold isoamyl alcohol, more
readily soluble in hot. It was practically tnsoluble in ethyl ether, chloroform and hydrocarbons. Upon solution
in water, it underwent hydrolysis.

SUMMARY

1. Double salts of lanth cerium, p and
rate were prepared and described.

with trip fum nit-

2. A considerable difference was found between the solubilities of th

) e prepared salts of praseodymium and
neodymium.
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INNER COMPLEX SALTS OF AZO COMPOUNDS

M. REACTION OF COPPER SALTS WITH SOME o-HYDROXY - AND 0-AMINO, o'-ALKOXY - AND -o'-
-AROXY-MONOAZO COMPOUNDS

V. 1. Mur

The ion was recently [1] of complexes of copper with o-hydroxy- and o-amino-o'~
-methoxyazo compounds in 1: 1 ratio. On the basis of some of their properties, of their elementary analyses and
of the absence of similar compounds of o-hydroxy- and o-amino-o'-chloro- and -o'-nitro derivatives, they were
assigned the following structure:

‘This structure suggests the participation in complex formation of the oxygen of the methoxyl group,
acting as a donor in the formation of the complex bond with copper. For confirmation of this supposition and of
the belief that the formation of such compounds is not specific merely for the methoxyl group, a study has been
made of the reaction of o-hydroxy- and of 0-amino-o'-ethoxy- and -o'-phenoxyazo compounds with copper salts.

_ Tt was found that under i itions these ethoxy react with copper chlaride to
form complexes similar to those obtained from the methoxy derivatives. The molecular weight of these complexes,

like those of the 1:1 of the methoxy deri pond 10 a ic structure.

This confirms the above-mentioned structure of copper complexes of o-hydroxy~ and o-amino-o'-
~methoxyazo compounds and allows us to assign a similar structure to the copper complexes of other. alkoxy deri-
vatives of 1:1 composition.

and ino-o* do not form 1:1 with copper. On re-
acting them with copper chloride under other conditions, 1:2 complexes are formed [1), identical with those formed
on reaction of the same azo compounds with copper tetrammine sulfate. The inability of these phenoxyazo com-
pounds to form 1:1 complexes is evidently due to influence of * - phenyl which repels the unshared electron pair
from the oxygen, thereby excluding the possibility of formation of a complex bond between the oxygen of the
phenoxy group and copper. It seemed likely that the ion of an el donating substituent in the o- or
p-position of the benzene ring of the phenoxy group might create conditions favorable for formation of 1:1 com-~
plexes. On reaction, however, of the azo compound prepared from the diazo compound of o-amino-o'-methoxydi-
phenyl ether and B -naphthol with copper chloride under the conditions of formation of a 1:1 complex, a 1:2
complex is obtained. The donor properties of the methoxyl group are evidently inadequate for suppression of the
acceptor effect of the aromatic nucleus.

Reaction of o-hydroxy- and o-amino-o'-aroxyazo compounds with copper chloride is accompanied
by development.of 2 deep. color. in-the reaction solutions. A simildr phenomenon is encountered-f all:thie otfier
cases of formation of.1:2 complexes that we;exarmined. . The observed increase ‘of intensity of color of the reaction
solutions does not correspond to the color change that should have oceurred on simple mixing; of the-differently
colored starting solutions. Nor is.this color change apparently due to the formation of supersaturated
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solutions of the complexes; the latter are very poorly soluble in the solvent employed ( alcohol) and do not go
into solution either when heated under the experimental conditions or under conditions more favorable to their
solution. In the light of these facts, it may be suggested that formation of 1:2 complexes is preceded by forma-
tion of an intermediate compound ( possibly a complex ion; its . - nature is still obscure). It is interesting that the
into 1:2 which is icof 1:1 of copper with o-hydroxy-
and o0-amino-o'-alkoxyazo compounds is also apparently accompanied by formation of an intermediate
substance. Thus, in the action on 1:1 complexes of aqueous alcoholic solutions of pyridine, ethanolamine, am-
monia (at room temperature), NaOH, Na,CO;, NalCO; and CHyCOONa ( with heating) , the complexs at first
50 into solution to the accompaninent of an incrcase in color intensity, and later (at spee(k varying for different
reactants) the 1:2 are formed. Ti ion of the 1:1 p nto 1 also takes place
on prolonged boiling with dflute alcohol in the absence of the above-noted muenu, mhou«vh exuemely slowly.

NHy(CHA)0H

</ +
Y — —
o, " 0] iy ongeon -0
c,w,’( 20° tih
100° N
Vms&s. 100°

U
;—N:N

This wansformation of the complexes does not take place in presence of acids (HCI, CHyCOOH) .
Acids act upon the 1:1 and 1:2 complexes with decomposition into the original azo compounds; the 1:1 com-
plexes break down more slowly.

Reaction with heating of the 1:1 complexes of copper and o-hydroxy- and o-amino-o'-alkoxyazo
compounds with pyridine or ethanolamine, in presence or absence of alcohol, leads to dealkylation and formation
of complexes of the corresponding o-hydroxy - and o-amino-o'-hydroxyazo compounds. Formation of similar
complexes also occurs on reaction of the starting o-hydroxy- and 0-amino-o'~alkoxyazo compounds with copper
sulfate in presence of pyridine or ethanolamine with heating. It is interesting that the resultant copper complexes
have a 1:1:1 composition, i.e. they contain 1 atom of copper, 1 molecule of azo compound and 1 molecule of

the base, e.g. ethanolamine.

EXPERIMENTAL

The objects of investigation were the monoazo prepared from ine, o-amino-
diphenyl and ethers as diazo and 3 -naphthol, 1-phenyl-3-methyl-5-
and 1-phenyl 5 as azo

o-Phenetidine was prepared by the usual method, starting from o-niwrophenolate. The o-aminodi-
phenyl [3) and o-amino-o’-methoxydiphenyl ethers were prepared by reducing the corresponding nitroethers;
the latter were prepared by reacting o-nitrochlorobenzene with phenol (4] and correspondingly with guaiacol in
alcoholic caustic soda solution. The azo compound was prepared by the usual method. The reaction conditions
with the copper salts were similar to those described previously [1].

Copper salt of o-ethoxybenzenazo-3 -naphthol (1: 1 ion).  Yell
plates ( under microscope) , did not melt upon being heated to 360°.

Found %: Cu 16:08; Cl 8.75; N 7.09. M 382 (in camphor) . C;gH;s0,N,CICu. Calculated %: Cu 16.29;

C19.09; N 7.18. M 390.3.
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The action of concentiated sulfuric acid on the product, followed by dilution with water and re~
crystallization. of the separatad precipitate from erhyl alcohol, yielded a compound with m.p. 187.5-138", which
gave no depression with the fvitial dyestuff.

When the complex reacted with ammonia solution in dilute alcohol with heating (slowly at room
temperature) or with pyridine at room temperature, 1 molecule of cupric chloride is lost per 2 molecules of the
initial complex and a complex forms with a composition of 1:2, m.p. 244-245%, reddish-brown needles (under
microscope) .

Found %: Cu 8.05; Cl8.53 (insolution); precipitate 83.1. For conversion 2CygH;s0;NyCIC =
= (C1gH1505Ny);Cu + CuCly Calculated %: Cu 8.15; Cl 9.09; of complex with composition 1:2, 82.72.

90.42. M 622. ( CygHly505Np) 5Cu

For substance with m.p. 244-245° Found %: Cu 9.76; azo
Calculated %: Cu 9.85 ; azo compound 90.46. M 645.6,

Copper salt of 1-phenyl-3-methyl-4-( 5 (1:1 ition) .
Long yellow needles (under mlcmscupe). m.p. 207-208" ( with decomp.) . -

Found %: Cu 14,94; C18.19; N 13.66. Cygty;ON,CICu. Calculated %: Cu 15.13; CI 8.44;
N 18.33,

Copper salt_of (1:1 . It was prepared by re-
action of initial azo compound with cupric chlorde fn sleoholic solution at room temperature; the precipitate
that came down was immediately filtered off and washed with ethyl alcohol ( without heating). Dark red, fine,
long veedles (under microscope) ; m.p. 177-179° ( with decomp.).

Found %: Cu 16.10; N 10.91. €, ON,CIC, Calculated %: Cu 16.34; N 10.80.

1-Phenyl-3-methyl -4-( 5 Orange -yellow prisms; m.
91° (from alcohol) .

Found %: N 22.05. CyguON;. Calculated %: N 21.80.

Copper salt (1:1 composition) was in the form of long yellow needles (under microscope); m.p.
186-187°.

Found %: Cu 14.96; N 16.82. C;gH;ONCICu. Calculated %: Cu 15.17; N 16.70.

The reactions of the last three copper salts of the ethioxyazo compounds ( composition 1:1) with
concentrated sulfuric acid, with aqueous-alcoholic ammonia and pyridie solution were analogous to those
characteristic for the copper salt of 8-naphthol (1:1 i with the same reagents.

gEEel salt of o-phenoxybenzenazo- -naphthol (1:2 composition) . When alcoholic solutions of

o-phenoxybenzenazo-8 -naphthol and cupric chlorlde were combined, the solution darkened and after some time
had elapsed, a dark crystalline precipitate with a greenish luster separated out: microscopic brown, tetragonal
prisms, m.p. 209°.

Found %: Cu 8.38 ; azo compound 91.96, ( CopHyzGy Ny yCu. Calculated%: - Cu 8.57; azo com-
pound 91.€9.

The complex (1:1 composition) did not form when the above reagents were reacted in dilute solu-
tions in the cold _or with heating.

Reaction of coppers salts with other o~hiydroxy-o o' phenoxyaan compounds.  When alcakiolic solutions of
cupric chloride and 1-phenyl-3-methyl-4-( and also of p
were combined (1:1 ition) did not form. In this case, complexes (1:2
composition) formed which were identical to thow prepared by the reaction of the same compounds with copper
tetrammisee sulfae in aqueous alcoholsolution upon boiling the reagents for 1 hour.

Copper salt of 1-phenyl-3-methyl-4-( o-pl -5-pyrazolone (1:2
Brown, tetragonal, flat prisms (under microscope) with violet luster; m.p. 213.56-215°,

Found %: CuT.82; azo compound 92.07. {CyyHyiOpN,Cu. Calculated %: Cu 7.93; azo com-~
pound 92.31 .
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Brown, tetragonal f1

Copper salt of o-p 3 -naphthy _
lets (under microscope) with green luster; m.p. 140-145° ( depends co 1y on rate of heating); at 170° the
compound decomposed.

Found %: Cu 8.36; azo compound 91.52. ( CypHyONg),Cui, Calculated %: Cu 8.59; azo com-
pound 91.67.

Azo_compound prepared from ino-o" ip ether and B-naphthol. ~Claret-colored
needles with greenish luster; m.p. 167.5 —169° ( from ethyl alcohol) .

Found %: N 7T.61. CysHyOsN,. Calculated %: N 7.57.

Copper salt of dye prepared from 0-amino-o'-methoxydipheny! ether and -naphthol (1:2 com-
position). I was prepared under the same conditions as described above; when the reagents reacted, the solution
darkened appreciably. Brown prisms (under microscope); m.p. 210° (with decomp.).

Found %: N 6.73 ( CysHyOsNp);Cu. Calculated %: N 6.99,

Complex (1:1 composition) did not form.

Reaction of copper salts of hoxy - and -3-naphthol (1:1 composition) with
bases. A mixture of the complex, ethyl alcohol and the base ( NH,OH, NaOH, Na,COg and others) with a small
amount of water was boiled with reflux condenser until the complete disappearance of the characteristic crystals
of the complex (1:1 composition); the course of the reaction was regulated by microscopic examination of
samples of the reaction mixture. After the reaction was complete, water was added to the reaction mixture, the
precipitate was filtered off and identified by its melting point with the ing complex (1:2 ition) .
It was observed that the rate of on of (1:1) fnto (1:2) was affected by the enumer-
ated reagents in the following order.

NH,OH > NaOH > Na;COy > NaHCO; > CH;COONa > H,0.

The complexes were reacted with organic bases at room temperature or with heating: the complex
dissolved in pyridine (or in ethanolamine) or alcohol was added to its pyridine solution. After the reaction was
complete (5 minutes at room temperature or 4 hours with heating on a boiling water bath), water was added to
the reaction mixture, the precipitate that formed was filtered off, washed with water and ethyl alcohol and identi-
fied.

The compounds that were separated after reaction of the complexes (1:1) with pyridine (or with
ethanolamine) had gone for a short perlod, were identical to the complexes (1:2), prepared by reacting the

ing azo with copper ine sulfate.

The compounds that were separated after the complexes (1:1; had reacted with pyridine (or with
ethanolamine) wi th heating for a considerable length of time, were identical to each other and proved to be the
copper complex of o- hydroxybenzenazo-5 -naphthol; upon cleavage of the prepared complexes with concentrated
sulfuric acid, an azo compound m.p. 193-194,5°separated out;a mixed sample of it with ‘o-hydroxybenzenazo-5 -
-naphthol gave no melting point depression.

When o-methoxybenzenazo-8 -naphthol reacted with copper sulfate in a monoethanolamine medium,
upon heating and subsequent cooling of the solution without addition of water, reddish-brown needles (under micro-
scope) separated out which were the copper complex of o-hydroxybenzenazo-3 -naphthol and monethanolamine.

Found %: N 10.98. (CyeHyyOpNy) ( G;H;ON) Cu. Calculated %: N 10.86.

SUMMARY

1. A study was made of the interaction of copper salts with some o-hydroxy-0-amino-o'~ethoxy- and
-0'-aroxyazo Copper of azo were prepared from o-phenetidine, o-aminodi-
phenyl and o-amino-o'-methoxydiphenyl ethers, as diazo components, and 8-naphthol, 1-phenyl-3-methyl-5-
-pyrazolone, 8 -naphthylamine and 1-phenyl-3-methyl-5-aminopyrazole as azo components.

2. It was shown that 1:1 complexes of o-hydroxy-o'-alkoxyazo compounds can exist and that o~
-hydroxy~o*~aroxyazo compounds are incapable of forming complexes of this type.

3. Some properties of 1:1 copper of o-hydroxy-o" were studied
with reference to a numberof representatives of the class.
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SOME SALTS :OF IMIDOSULFAMIDE

L. M. Volshtein, N. N. Piserzhevskaya and M. M. Slutskaya

Up to recent times the existence of free imidosulfamide NH,SO;NHSO;NH, had been regarded in the litera-
ture [1] as open to doubt. Data for the silver and ammonium salts have been published [1, but they are not very
reliable. Thanks to the researches of Kirsanov [2], the existence of imod csulfamide has been conclusively estab-
lished, and this substance is now easily accessible. Kirsanov revealed the strongly acidic properties of imidc-
sulfamide and obtained salfs of this acid with the cations: Na', NHy, Ag', Ba , CgHgNHs and CsHiNH . The author
did not study the physico-chemical properties of aqueous solutions of the synthesized salts. On the basis of the
unusual behavior of a solutton of the silver salt toward caustic alkalies, it was suggested (see below) that coordina-
tion bonds are present between the silver atoms and the amido groups of the imidosulfamide ion.

We have now continued the study of the character of the salts prepared by Kirsanov, and have also synthesized
and investigated new salis of i ide. In the present ication we present new data for salts of
Ba" and Ag , and also describe the synthesis of the copper salt.

EXPERIMENTAL

Preparation of the salts. The barium salt was prepared by the Kirsanov [2] reaction of HIm* with BaCOs.
We prepared Balm, by reacting sulfamide with Ba(OH);. A similar method was suggested by Kirsanoy for the
preparation of Nalm. 0.1 mole of sulfamide was added to a solution of Ba( OH), in water, from which CO, had
been eliminated ( before addition, the solution was heated to the boiling point and then removed from the flame) .
The Ba(OH), content in the solution was slightly (2%) less. than 0,025 mole. The mixture strongly frothed.
After 10 minutes of vigorous bolling, the solution was filtered while hot, the filtrate was evaporated down almost
to dryness in vacuum at 40-50°. The oily mass which slowly crystallized was purified by being boiled with alco-
ol for a’half hour, then was sucked off, washed with hot alcohol and dried to constant weight at 110°. We iso-
lated about 10 g of salt.

Found %: Ba 27.99, 28.30; N 16.96, 17.00. BaNgHyO4S,. Calculated %: Ba 28.28; N 17.29.

The salt was white, readily soluble in water, and very difficulty soluble in alcohol. The reaction for the
salt's preparation:

Ba( OH), + 4NH,SO;NH, —> Ba[N(SO,NHy),}, + 2NH; + 2H,0.

The silver salt was prepared by addition of AgNO to concentrated Balm, solution. A white finely crystalline
precipitate immediately came down. The precipitate was set aside for a day, after which it was separated, washed
with cold water and set aside in the dark in order to prepate the air-dried compound. Since the composition of
the silver salt which crystallized in the form of the di‘hydrate was studied in detail by Kirsanov ( prepared from
AgNO. and NH,Im), we limit ousselves to the statement that the composition of the salt AgN(SO;NHy), - 2H;0
was corroborated byour analyses. Moreover, we prepared the anhydrous salt (by drying in vacuum at 40-50°),
which we analyzed. Found : 38.34 and 38.45% Ag. Calculated : for the anhydrous salt ; 38.25% Ag.

We prepared the copper salt from Balm, and CuSOy, taken in molar ratio of 1:1. A weighed portion of the
analyzed Balm, was dissolved in a small volume of water, and the calculated volume of titrated CuSO; solution

*+ HIm represents free imidosulfamide. The anion of the acid ( NH;SO,),N is represented below by Iifi.
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was added to the above solution through a buret. The BaSOj precipitate was filtered off, and the filtrate was
evaporated to low bulk in vacuum at 30-40°. The copper salt of imidosulfamide proved to be readily soluble in
water. Evaporation was stopped when a considerable portion of the salt crystallized out. The blue crystals were
separated from the mother 1lizuor.. and dried to constant weight at 90°, After multiple determinations of the
copper had been performed, we were convinced of the homogeneity of the prepared crystals and by repct

the experiments we the rep bility of their

Found %: Cu 14.69, 17.74; N 19.20, 19.45; § 29.74, 20.80. CuNgHgOgS; * H,O. Calculated %o: Cu 14.79;
N 19.55; S 29.83. CuNgHgOgS;. Calculated %: Cu 15.43; N 20.41; §31.13.

It was evident that the salt which was dried to constant weight at 90° was the monohydrate. The water of
crystallization molecule was held very firmly. Drying of the salt at 120-140° did not cause dehydration; partial
dehydration occurred in vacuum at 100°. The melting point of the salt was 149°. At first, we attempted to
separate Culm, from the concentrated aqueous solution by addition of alcohol, However, this method was not
successful. It was observed thiat even when the Culr, crystals were: shaken with alcohol, a considerable change in
the salt's composition took place.

of aqueous solutions of the salts. We measured ( in a thermostat at 25°) the electro-
conductivity of Balm, and Culm, at concentrations of from 0.001 to 0.1 mole. For the slight'y soluble AgIm,
measurements © were only in dilute solutions. All the meagurements were repeated with the salt prepara-
tions prepared in different i and the ivity values proved ible within a range
of 2%. The data obtained are given in the table.

TABLE

Equivalent Electroconductivity (ohm™*em?/g-equiv.) of Imidosulfamide Salts at 25°

C (in g-equiv. per liter)
0.001 0002 | 001 | 0.2 0.04

112 89 80 65

108 86 6 -

113 - -

The molecular electroconductivity values for 0.002 N Balm, and Culm, solutions (224 and 216 ohm™!cm?/ mole)
correspond to that of triple-ion electrolytes, which these salts should be. The molecular electroconductivity of
AgIm solutions corresponded, as it should have, to that of a double~ion electrolyte. Therefore, the imidosul-
famide salts are “simple" salts which do not exhibit stable coordinate bonds of metal atoms (Me) with the amido
groups of the anion, the presence of which would consi decrease the ivity. It was especially
important to establish this for Aglm, since the literature hypothesizes that  structure of Aglm is cyclic. It is
stated in Audrieth's [1] review article that: “'Silver probabiy is bound to nitrogen, since treatment of AgIm with
alkalis does not yield silver oxides”. A similar hypothesis on the same basis was stated by Kirsanov [2]). How-
ever, we showed that Aglm gave all the characteristic reactions for Ag' ions in solution, and its peculiar reaction
with alkali is explained by the interesting conversion which takes place, under these circumstances, of Agim into
the very difficulty soluble silver salt of sulfamide ( see below).

We should remark that it could be expected beforehand that stable coordinate bonds would be absent in
NH, =50,

imidosulfamide salts since the formation of six-membered cycles Me!. N must be considered im-
“NH; ~ SO0y R

probable.. The formation of cyclic compounds with diamines is not characteristic of Ag', Such compounds are

known to exist in the case of Cu'. However, the tendency of the amido groups to coordination is decreased by

immediate proximity to such groups as =SO,OH (in sulfamic acid) or ~SO;NH—. It is known [3] that copper sul-

fate is a *'simple*'salt and this also can be said of the salt Culm, which we prepared.

Nevertheless, in concentrated solutions of Culm, and Balm,, the appearance of unstable coordinate bonds is
possible for Me with the amidogroups of the anion. Evidently, this is tied up with the factually observed, consid-
erable decrease in the equivalent electroconductivity (Av) of the salts Culm, and Balm, in relatively concentrated

043R0004000500

solutions. Thus, in 0.2 N solutions (see table) of these salts, Ag is less than 40%of Age, Whereas for the majority
of salts of the type MeX,, A is greater than 70% of Agyy.

The data of the table permit the approximate evaluation of the mobility of anion Ifa. On the basis of the
literature data, we see that Agy for salts of the type MeX amounts to ~ 0.97 of Ay, and for salts of type
eX, ~ 0.93 of Ay . We find that the magnitudes of Ao for AgIm, Balm, and Culm, are approximately equal,
being respectively 117, 120, 116 ohm™*cm?. Deducting from A oo the mobility of the corresponding cations, we
find the mobility values for the anion Iiii (at 25°) to be 55, 56 and 60 (on the average 57 ohm ™' cm'/ g-equiv.).

Conversion of Aglm into the silver salt of sulfamide. We have already noted that addition of alkalis to the
Aglm solution did not cause Ag,O to precipitate; a white, faintly cream-colored gelatinous precipitate formed,
very difficulty soluble in cold and hot water and readily soluble in dilure HNO;. Qur experiments showed that
the precipitate is the long known [1] silver salt of sulfamide. Found : 69.84, 69.42% Ag. Calculated for
Agy(NH),SOy: 69.63% Ag. A separate experiments showed that addition of NaOH to a solution of AgNO; con-
taining an excess of sulfamide (as for the addition of NaOH to Aglm solution) did not cause Ag,O to precipi-
tate but it caused a precipitate of Agy(NH),SO; to come down. These facts lead us to conclude that the reason
for the conversion of Aglm to Agy (NH),SO; must be the formation of a small quantity of sulfamide upon solu~
tion of the i salts in water. A ding to the data of Kirsanov [2], rarroborated by us, the anion
m is stable in aqueous solution. However Iifi is subject iu slight degree to conversion into sulfamide and sul-
famate-ion:

NH,SO,NSO;NH; ™+ H;0 = NH;SO;NH; + OSO;NH; = . (2)
Let us note that the neutral sulfamide solution does not yield a precipltate with Ag', and in the absence of

alkali, Aglm. does not convert to Agy(NH);SO,. We supposed that upon addition of alkali to Aglm, the reaction
would proceed according to the equation:
2AgN(SO;NHy), + 2NaOH = Ag, (NH),SO; + NaOSO;NH, + NaN(SO;NHy), + HeO.  (3)

If this belief is correct, then after separation of Agy(NH);S0,, we should find in the filtrate 50% of the
initial quantity of the Im anions. We ran two parallel experiments and in each one we took 1 millimole of
solid Aglm - 2H;0, added a millimole of NaOH(in the form of 0.1 molar solution), a drop of phenolphthalein
and shook the mixture for 1 hour. We the separated off the precipitate of Agy(NH),SO; and added the wash
waters to the filtrate. The alkali entered almost completely into the reaction (Equation 3), the filtrate was de-
colorized by several drops of 0.1 molar AgNO; solution, After this, a small excess of AgNO; solution was added
to the filtrate. Immediately, a precipitate of Aglm started to come down, After 24 hours had elapsed, we separ-
ated the precipitate, washed it, and determined ( by solution in HNOy and titration of the Ag with thiocyanate)
the quantity of collected Aglm. We obtained 0.143 and 0.138 g of AgIm which amounts to 45 and 43.6% of the
fnitial weight (0.318 g) of Aglm (1o be sure, a small portion of the Aglm remained in filtrate and in the wash
water as was to be expected). It is apparent, that the reaction in reality goes according to Equation (3).

Let us note, that Culmy, in contrast to Aglm, upon. addition of alkali gave a precipitate Cu( OH),, i.e. no
conversion takes place of Culm into the sulfamide salt, The experiment proved that the presence of an excess
of sulfamide did not hinder the precipitation. of the Cu'" ions with alkali. The literature, [1,2] notes the similarity
between imidosulfamide and biuret. The latter, gs is known, forms a complex anion with Cu” in alkaline medium .
However, HIm forms only a simple salt with Cu', completely decomposed by alkali.
SUMMARY
1. The copper salt of imidosulfamide Cu[N(SO;NHp)y}*HzO is synthesized and described.
The preparation of the barium salt of imidosulfamide from sulfamide and barium hydrate is described.

2. A study is made of the electrical conductivity of aqueous solutions of the barium, silver and copper salts
of imidosulfamide. It is shown that the salts are normal electrolytes and not inner-complex compounds.

8. It is shown that the silver salt of imidosulfamide is transformed into a salt of sulfamide under the action
of caustic alkali.
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REACTIONS OF METALLIC OXIDES WITH ALCOHOLS

0. REACTIONS:OF MANGANESE OXIDES WITH ISOPROPYL AND OTHER ALCOHOLS

V. A. Komarov, N. P. Timofeeva and T. M. Moroshkina

The reaction of oxides of manganese with alcohols is of interest in that manganese forms several oxides with
different degrees of oxidation, so that we can expect changes in the composition of the oxides under the influence
of alcohols and their decomposition products. The products of breakdown of alcohols in presence of manganous
oxide has been studied by Sabatier and coworkers [1] and later by Taylor [2]. These authors found that on passing
vapors of alcohols over heated manganous oxide at 320-425°, dehydrogenation takes place with formation of
aldehyde ( or ketone) and hydrogen, the process being complicated at higher temperatures by the following re-
actions: decomposition or condensation of the aldehyde with formation of carbon monoxide and disproportionation
of the carbon monoxide to carbon dioxide and carbon. The action of manganous oxide in breakdown of alcohols
is extremely similar to that of metallic copper but considerably weaker. Later work has also been published on
the decomposition of alcohols over manganous oxide [3] which is consistent with the earlier work. As far as we
are aware, the catalytic decomposition of alcohols in presence of other oxides of manganese and metallic
manganese has not previously been studied; the same is true of the possible transformations of the solid phases
concerned when heated in presence of alcohol vapors and their breakdown products. The establishment of such
data was the objective of the present fnvestigation within the of our investi of i of
metallic oxides with alcohols. The literature contains some data for reaction of metallic oxides with alcohols.
Sabatier, for example, observed complete or partial reduction of some metallic oxides when used as catalysts of
decomposition of alcohols [1]. Taylor and Williamson [2] showed that under the conditions of decomposition
of ethyl alcohol over WOy, the latter is gradually reduced to WO, the change being accompanied by a change
in the selectivity of the catalyst. The concepts of the of contact iated with pene-
trating genius by Mendeleev [5], account for the reciprocal effects of catalyst and reacting molecules.

Characteristics of the manganese preparations used. In the present investigation the catalysts used in decom-
position of alcohols were electrolytically prepared metallic manganese and oxides of manganese, of which man-
ganous oxide was obtained by calcination of mangenese oxalate in a hydrogen stream and the remaining oxides
by calcination of chemically pure nitrate at [6]. The ition of the
oxide preparations was established by chemical aualysis, and their structure by x-ray examination.. Due to the
lack of an existing method of phase analysis of the system - oxygen, our were
analyzed for total manganese by timration in the divalent form in an alkaline medium [7] and by determination
of manganese dioxide by the ferrous sulfate method [8]. The chemical and X-ray characteristics of the starting
preparations are set forth in Table 1.

The data of Table 1 show that the preparation obtained by calcination of -MnOj is a mixture of two man-
ganese oxides with different structures and valences; the remaining oxides, and the metallic manganese, Were
the ition of some of them. deviated from the stoichi composi-

tion.

Experimental procedure and analytical methods. Experiments were conducted in an apparatus of the usual
type, comprising a quartz tube, containing catalyst, placed in a tubular electric block furnace, a buret for addi-
tion of aleohol, a condenser, a receiver for condensate, and a cylindrical gasholder, The temperature was
measured by a thermocouple in a quartz pocket; the junction. of the couple was iu the middle of the uulys(. bed.

the

Prior to the i at a specific over each
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ment of breakdown of the alcohol was determined b, the previously described metliod [9]. After this determina~
ticn, experinents vere carried out at two temperaturcs, cne of which was 20-25° and the other 40-45° highier

than the temperature of comuenceinent of reaction. The s formed by decomposition of tie a'coliol was analyzed
in a VTI apparatus for its content of COy, CnHzn, Oy, CO and Hy, and the condensate was examined by the hydroxyl-
amine method for its content of carbonyl compounds. The activity of the preparations was evaluated on the basis

of the volume of gas evolved, converted to the same volume, weight and surface of catalyst. The selectivity of

the preparations was characterized by the value of the ratio of moles hydrogen to unsaturates, while the degree

of deviation of the reactions from the normal route was characterized by the value of the ratio of moles hydrogen

to carbonyl compounds. Calculaticn of the activity per unit of catalyst surface (of manganese preparation after

its employ as catalyst of of alcohols) was facilitated by of isotliers of nitrozen
adsorption at the temperature of liquid air [10], on the basis of which the specific surface was calculated by t;
B-E-T equation. The following values were obtained: metallic manganese 13.7, manganous oxide 20.0, Mn,Oy

and MngO, 13.8, manganese dioxide 19.4 m?/g.

TABLE 1

Chemical formula of preparation | _Results of chemical analysis Phase composition from x-ray data
Total Mn ' MnO,
(in %) (in %)

- ! Mn 8-Mn
76.9 [ | MnOy o3 Structure of NaCl type

\ 65.0 i 53.0 | MnOy, 5 Mixture of hausmannite with one

of the forms of braunite

Structure of the rutile type 8 -MnO,

Formula

8.5 | MiOygs

Results obtained in of alcohols on and from ion of the compo-
sition of the later. Figs. 1 to 4 contain gas formation curves from which  are found the temperatures of start
of decomposition of isopropyl alcohol on metallic manganese and its oxides. It follows from Figs. 2 and 4 that
prolonged employment of the preparations as catalysts leads to a rise in tie temperature of commencement of re-
action by 30-40°, Results of experiments on reaction of isopropyl alcohol with metallic manganese and its oxides
are set forth in Table 2, and the results of ination of the ions before and  after their use
are shown in Table 3.

TABLE 2

Percent de- Total of | E

Tempera- |Activity ( in milliliters [N
| (keal/ mol)

Prepara- | ture of ex- |gas per 1 g alcohol composed accounted |
periment  |passed) expressed per alcohol products E
1ml 1m’ !

1.6 0.066 1.0 % 10.7 91
3.2 0.126 11 . 19.2 93
4.5. 0.277 1.3 3 28.1 84
8.5 0.515 1.8 R 31.9 8
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2
S 8

Volume of gas (mI)
.

Temperature

Volume of gas(ml)
~385§888

[N
290° 332
Temperators

Flg. 1. T of of

of fsopropyl alcohol over metallic manganese.

Fig. 3. T of

Fig. 2. T of of de-
composition of isopropyl alcohol over MO.
1) Before use, 2) after use.

Volume of gas(ml)

of de-

of isopropyl alcohol on MyOs.

TABLE 3

composition of isopropyl alcohol over MnOz.
1) Before use, 2) after use.

i Result of chemical analysis

% total Mn| %
M

Formula X-ray data

Preparation

Before
expt.

After

expt. Before expt. After expt.

2.96 0.160 1.0 X 20.0
4.95 0.266 1.1 K 28.1
3.38 0.105 1.1 . 19.1
7.7 0.230 1.5 B 32.0

101
97
94.5
97.7

Note. The data in this and the following tables are mean results of several experiments.

It follows from the data of Table 3 that the character of the decomposition of isopropyl alcohol over metallic
‘manganese. differs somewhat from that over its oxides. Decomposition over the metal starts at a higher tempera-
tre and requires a considerably higher activation energy. Both manganese and its oxides have relatively low
activity, predominantly as dehydrogenation catalysts; however, over metallic manganese the dehydration react-
ion is more intensive than.over the oxides. It is interesting to note that the effect of temperature on the course
of the process over manganese is not the same as over the oxides: with rising temperature the dehydrating proper-
ties of metallic manganese are slightly enhanced but the dehydrating properties of the oxides are slightly diminished.
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From an inspection of the Hy/CyHg nid Hy/CyHg@ ratios, we can concludé that in the series MnO, ~Mng0;y - MnO
the dehydrating ability falls slightly and that in all cases, except MnO at 440" and MnO; at 400°, deviations from
the normal reaction course arc insignificant. A noteworthy feature is the very large proportion of CO, in the gas
obtained over MnO; and MnyOy at the start of reaction. This is assocated with partial oxidation of the alcohol
which at below the i Chemical and X -ray analysis of the
manganese preparations established that during the process of reaction with isopropy1 alcohol and its decomposi-
tion products, all the oxides of manganese acquire the structure of sodium chloride ( characteristic of MnO) and
they more or less approximate to the composition of MnO with an excess of oxygen over the stoichiometric form-
ula. Metallic manganese retains its structure, evidently being covered at the surface with an extremely thin

film of oxides of manganese. Similar results were obtained in an investigation of the reaction of ethyl alcohol
with metallic manganese and its oxides. Below (Table 4) are presented the results of experiments on decomposi-
tion of some alcohols over B-MnO,.

TABLE 4

Chem, composition
Ratio of moles Hy i o Breparations afeer
to E S periments

Alcohol

" Content
carbonyl | unsatu o

Forrnula
of T

Jtat Mg Mo

; Y A MO,
C:H;OH ; y X - 4 | MOy

CoH;OH X g % ¥ 4 | MnOy 4

assed/ml
oxide’

Temperature
Activity (ml
gas/g alcohol

P

CyHyOH y y Y z ' MnOj a0

CsHuOH k X Y 0 3| 20| MOy,

The data of Table 4 show that all the investigated alcohols mainly undergo dehydrogenation over 3 -MnOy,
and the 8-MnO, is reduced during the process to MnOy:,~MnOy,q ; the X-ray data show that it has the MnO struc-
ture. Table 4 also indicates that with rising molecular weight of the alcohol both the temperature of commence=
met of reaction and the activation energy increase, and the character of the decomposition changes slightly.

It is interesting to compare the interatomic distances of the manganese preparations (Mn — Mn and Mn —0)

with the character of the ition and the of its Data for these are presented
in Table 5.

TABLE §

Preparation| Temperature| % decompo-
of expetl- |sition
ment

Tnteratomic distances (in A)

Ma-=Mn ‘| Mn-0 0o-o

3/2.36
5/2.53
2/2.60
14/2.67
12/3.125 | 6/2.21 12/3.125
6/4.42 8/3.83 6/4.42
12/3.15 12/2.01 6/2.52
12/3.55

400°

Mn,0y

- 1/2.55
2/2.87 6/1.89 8/(2.67)
8/4.398 4/3.43 2/2.81
2/(3.64)

MnG, 32’ . 308

Note: in the last 3 columns the numerator denotes the number of neighbors, the denominator the corresponding
interatomic distances. )
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The values in Table 5 lead us to the conclusion that both direc tions of decomposition of the alcohol proceed

at metal atoms, the smallest Me — Me distance favoring in some degree the dehydration reaction. This conclu-

sion conflicts, however, with the results of A. M. Rubinshtein [11) on decomposition of ethyl alcohol over a series
of manganese oxide preparations and those of N.L Egorova [12] on decomposition of ethyl alcohol over oxides of
vanadium, columbium and titanium.

SUMMARY

1. In the reaction of manganese oxides with isopropy! alcohol, decomposition of the alcohol ( with predominant
formation of hydrogen and acetone) is accompanied by reduction of MnGj and Mn,Oy to MnO; the latter oxide
has a certain excess of oxygen over the stoichiometric amount.

2. Under the same conditions,metallic manganese only undergoes very slight surface oxidation; the predomin-
ating direction of the reaction is dehydrogenation, but dehydration proceeds to a greater extent than on the oxides.

3. The activation energy of the decomposition of isopropyl alcohol over metallic manganese and the tempera-
ture of commencement of this reaction are consi higher than the values for oxides of man-
ganese.

4. The temperature of commencement of reaction of alcohols with 8-MnOj rises with increasing molecular
weight of the alcohol .
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SYNTHESIS OF HYDROCARBONS

LIL. ISOPRENE HYDROBROMIDE IN THE SYNTHESIS OF HYDROCARBONS WITH A QUATERNARY
ATOM —TERT -ALKYLETHYLENES

R. Ya. Levina, V. R. Skvarchenko and T. M. Ushakova

One of the most convenient and most highly developed methods of synthesis of alkenes of various structures
is the reaction between organomagnesium compounds and allyl halides and theiz homologs. Homologs of allyl
chloride or b omide are easily obtained by the action of hydrogen chloride or bromide on hydrocarbons containing
a conjugated system of double bonds.

Addition of hydrogen bromide to isoprene gives a mixture of isomeric bromides: 4-bromo-2-methylbutene-
~2(primary bromide 1) and 2-bromo-2-methylbutene -3 ( tertiary bromide II) [1-3]. Consequently the reaction
of isoprene ide with i ought to lead to two hydrocarbons ( Il and IV) of
which one, obtained from the tertiary bromide (1) should possess & quatemary carbon atom (IV).

Claisen [2], and later one of us [4], showed that in the condensation of isoprene hydrobromide with phenyl-
and cyclohexyl-magnesium bromide, conducted under the usual conditions, the primary hydrobromide (I) is

mainly involved, and the g with a q carbon atom were not isolated from the
reaction products.

In.one of our previous communications [5] the reaction between isoprene hydrobromide and methyl magnesium
bromide was applied to the synthesis of 2-methylpentene -2, which is also formed from the primary hydrobromide.

In the present investigation we aimed at finding the conditions for possible application of the reaction be-
tween {soprene hydrobr omide and organomagnesium compounds to the synthesis of g-ethylenic hydrocarbons with
8 quatemnary carbon atom ~ terdlary alkylethylenes (V) —which hitherto have been very inaccessible and synthe~
sized manly by pyrolysis of the acetates of pinacolinic alcohols [6].

It was found that reaction at low temperature ( ~7T0%) improves the stability of the tertiary isoprene hydro-
bromide (II); under these conditions the latter does not undergo the allyl rearrangement to the primary bromide
(1) (or only rearranges in part) and it enters into reaction with organomagnesium compounds to form a hydro-
carbon with a quaternary carbon atom ( yield 22-30%).

Thus, the reaction of {soprene hydrobromide (immediately after its preparation without distillation) with
primary alkyl magnesium bromides, carried out with cooling to =70°, led to formation in each reaction of a
mixture of two hydrocarbons in total yleld of 55-59%; fractionation of the mixture in a column gave 3,3-dimethyl~
alkene-1 (yield 22-30%) and 2-methylalkene-2 (yield 20-25%).

Br CHy

| +RMgB: |
CHyC ~ CH=CH, "B+ R-C~CH=CH,
1

CHs oy CHs py

CHC=CHCH,p: VB CHC=CHCHR
1
cH CHy

(R =CyHy; nCsHy; nCHy) . *
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In the reaction of isoprenc hydrobromide with isobutyl magnesium bromide the total yield of alkenes was
30%: from this mixture two hydrocarbons were separated: 3,3,5-trimethylhexene-1 (6%) and 2,6-dimethyl-
heptene-2 (9%)

CH
(I1) +( CHy),CHCH,MgBr — CHy;CHCH,~C—CH=CHy,
CH,  CHy
(1) +(CH),CHCH;MgBr —= CHyCHCH,CH,CH=CCHy
CHy CHy

When isoprene hydrobromide was reacted with secondary alkyl and secondary cycloalkyl magnesium halides
the only product that could be isolated was a hydrocarbon; the structure corresponded to primary isoprene hydro-
bromide.

Thus, isopropyl magnesium bromide reacts with isoprene hydrobromide to form a mixture of hydrocarbons
(total yield 36%, figured * on the isoprene), from which only 2,5-dimethylhexene-2 ( 23%) was isolated.

CHyC=CHCH,Br +( CHs),CHMgBr — CH,;C=CHCH,CHCHjz
! I

CHy CHs CHy
3,3,4-Trimethylpentene-1, ccrresponding in structure to tertiary isoptene hydrobromide, could not be isolated
in the pure sta‘e.
Reaction of cyclohexyl magnesium chloride with isoprene hydrobromide at ~70° led to a much lover yield
(21%) of hydrocarbon fraction, and only one ~2-methyl-4 lbutene-2 ( yield 12%) = could
be isolated :

CHyC=CHCH,Br + CgHyMgBr — CHyC=CHCH,CgHy,.
CHy CH,
3,8-Dimethyl-3-cyclohexylpropene -1, corresponding in structure to tertiary isoprene hydrobromide, was not
isolated in pure form.
It was furthermore shown that when the reaction with n-alkyl magnesium bromides was performed under the

same conditions (i.¢. at =70°) with primary isoprene hydrobromide (isolated in the pure form), only one hydro
- hyl -2,

carben is formed, to this

Consequently, if the objective of the reaction is the synthesis of tertiary alkylethylenes, then the reaction with
organomagnesium compounds should be carried out at ~70°, using undistilled isoprene hydrobromide (immediately
after its preparation) .

EXPERIMENTAL

Isoprene hydrobromide was prepared by the addition of a stoichiometric quantity of dry hydrogen bromide
upon cooling to =70°, to isoprene ( previously distilled on a column, b.p. 33.5-34° at 760 mm, 0§ 1.4220) ; the
reaction mass was diluted with absolute ether (1:1) and i iately reacted with the alk ium bromide.

Reaction of isoprene h ide with halides at —70°.

An ethereal solution of isoprene hydrobrornide ( prepared from 36 g, 0.5 mole isoprene), cooled to ~70°, was
added drop-wise with 1 stirring, to the ium bromide ( prepared from 24 g of magnesium,
1 mole of alkyl bromide in 300 m! of absolute ether), cooled to 70",  After addition of all of the hydrobromide,
the reaction mixture was stirred for 2 hours at ~70° and was left to stand overight. The next day, stiring was
continued for 4-5 hours at room the compound was with 10% acetic acid. The ethereal
extract was washed until it gave a neutral reaction and dried with calcium chloride. The ether was driven off
the residue was boiled ( with reflux condenser) with sodium to remove traces  of the unreacted hydrobromide,
driven off from the high-boiling dimer of isoprene which had formed during the reaction and then distilled in a
column over sodium.

When isoprene ide reacted wiih bromide under the described conditions, we obtained
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27 g of hydrocarbon mixture (55% on the basis of isoprene) from which we isolated two hydrocarbons:

1) 3,3-Dimethylpentene-1( 14.6 g ; 30% of theoretical),
B.p. 76.5-77° (755 mm), nf} 1.4000, dZ’ 0.6965, MRp 34.17. CgHy[™ . Calculated 34.06.
The literature data give {7]; b.p. 76.9° (760 mm), nfy 1.3991, ¢’ 0.6961. The dibromide prepared from this
(1,2-dibromo-3,3~di had the following constants:

B.p. 104-104.5 (20 mm), 96° (8 mm),nfy 1.5089, d% 1.5570, MRy 49.66. C;HyBr,. Calculated 50.05.
2) 2 2 (10 g, 20% of ).

B.p. 94:94.5° (755 mm), nfj 1.4127, di’ 0.7100, MRy, 34.46. Literature data [8] give : b.p. 95.41°
(760 mm), nfj  1.4108, ¢ 0.7081.

3) Intermediate fraction (2g) b.p. 77-93.5" (755 mm), nfj 1.4053.

When isoprene hydrobromide was reacted with propylmagnesium bromide under the same conditions, we
also obtained a mixture of two hydrocarbons (34.7 g, 59% of theoretical) from which we isolated:

1) 3,3-Dimethylhexene -1 ( 13.5 g, 22% of theoretical) .

B.p. 103.5-104° (750 mm), n¥) 1.4080, a2 0.7127, MRp 38.49. Catiggf™ . Calculated 38.67.
Literature data [9] give '+ b.p. 104° (760 mm),nfj 1.4070, a3’ 0.7143.

2 2 (14.6 g, 26% of ).

B.p. 121.5° (750 mm), nfj 1.4180, &’ 0.7205, MRp 38.86. Literature data [8] give: b.p. 122.6° (760
mm), ) 1.4172, &’ 0.7241.

3) Intermediate fraction (3.1g) had b.p. 104.5-121.5° (750 mm), nfy 1.4140.

A low-boiling fraction was also separated (2.5 g), boiled up to 102.5°, ¥y 1.3990, and was, evidently,
a mixture of hexane and 3,3-dimethylhexene-1. Literature data for hexane [10] give : b.p. 68.3°, ¥y 13752,

The reaction of isoprene hydrobromide with butylmagnesium bromide ylelded a mixture of two hydro-
carbons* (37 g, 58% of theoretical), which upon distillation, yielded:

1) 8,3-Dimethylheptene-1(14.7 g, 23% of theoretical).

B.p. 128" (741 mm), gy 1.4150, &’ 0.7295, MRyy 43.33. GyHyl" . Calculated 43.29. Literature data
[9] give : b.p. 128.8° (760 mm), nj) 1.4145, dff 0.7295.

The dibromide prepared from this (1,2-dib i , had the following
constars:

B.p. 118° (10 mm), 112-112.7° (7 mm), wj) 1.5020, i’ 1.4382, MRy 58.95. CyHyeBr. Calculated 59.29.
2) (15.3 g, 24% of ).

B.p. 144-145° (741 mm), nf) 1.4240, o’ 0.7383, MR, 43.57. Literature data [9] give : b.p. 146.2° at
760 mm, nf) 1.4240, ¢ 0.7385.

8) . Intermediate fraction (5 g) had bolling range 128-144° (741 mm), nfy 1.4180.

When soprene hydrobromide was reacted with isobutylmagnesium bromide, we obtained a mixture of
hydrocarbons ( 19.3 g, 30% theoretical) , from which we isolated :

1) 8,3,5-Trimethylhexene-1 (4 g, 6%of )e

B.p. 121-121.5° (747 mm), npy 1.4120, &' 0.7271, MRy, 43.11. CyHya[" . Calculated. 43.29. Lierature
data [9] give : b.p. 121.5° (760 mm), nfy 1.4139, d3° 0.7280.

2) 2,6-Dimethylheptene-2 (5.8 g, 9% of ).

B.p. 138-139° (747 mm), nfy 1.4215, dff 0.7322, MRyy 43.76. Literature data give: b.p. 138.9° (760 mm),
ng 1.4224, &§° 0.7336 [9]; b.p. 142-143", o) 14321, d¥ 0.768[12).

* Aside from the two alkenes cited, we separated a fraction 7.6 g, which boiled up to 126", n} 1.4080, which
was, evidently, a mixture of octane and 3,3-dimethylheptene-1 (literature data for octane [11] give : b.p. 125.6*
at 760 mm, nfy 1.3978). .
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9) Intermediate fraction (3 ) boiled at 121.5-138" (747 mm); nfy  1.4287. Low-boiling fraction
(6.5 g, boiled up to 120°, n]')D 1.4011) contained, evidently, 2,5-di (literawre data [18] give :
b.p. 109.2° at 760 mm, nf 1.3932) mixed with 3,3,5-trimethylhexene-1.

The reaction of isoprene hydrobromide with isopropylmagnesium bromide, under the above described
conditions, yielded a mixture (21g, ical) from which we isolated 2,5-dimethylhexene-2
(18.7 g, 23% of theoretical):

B.p. 111.5-112° (747 mm), nf) 1.4150, &2 0.7186, MRy, 38.80. CgHysf . Calculated 38.67 Literature

data [14] give : b.p. 111.2-111.5° (747 mm), nfj 1.4120, df’ 0.7182.

Low-boiling fraction (6.3 g), boiling range 103-111.5° and nf} 1.4140 was a mixture of 3,3,4-trimethyl-
pentene-1 and 2,5-dimethylhexene-2. Literature data for 3,3,4-urimethylpentene-1[9] give : b.p. 105.4°, ny
1.4140, d%° 0.7287. The fraction that boiled up to 103.5° was, evidentiy, a mixture of 3,3,4-trimethylpentene-

-1 and 2,3-dimethylbutane (literature data for 2,3-dimethylbutane [15] give : b.p. 58°, nfy 1.8751).

The reaction of isoprene ide with fum chloride also yielded a hydrocarbon
mixture (22.4 g, 21% ical), which upon ion, yielded 2-methyl-4-cyclohexylbutene-2 (9.6 g,
12% of theoretical):

B.p. 75°(11mm), nf) 1.4635, i’ 0.8258, MRy, 50.79. Cybyo[ . Calculated 50.33. Literature data
[4] give : b.p. 101-102.5° (40 mm), n’,j’ 1.4635, d2’ 0.8283.

Besides this, we obtained a low-boiling fraction that boiled at 40-75° (11 mm), nfj 1.4505, which
possibly contained a hydrocarbon with a quaternary carbon atom = 3,3-dimethyl-3-cyclohexylpropene-1.

Reaction of primary isoprene ide (4-bromo-2 2) with bromide.

Isoprene hydrobromide was prepared by the usual method and was vacuum-distilled twice; the fraction
was collected that boiled at 60-65° (63 mm) and was primary bromide (1) = 4-bromo-2-methylbutene-2.

Literature data give : b.p. 62-64° (67 mm) [2]; b.p. 82-83° (150 mm) [16]; b.p. 77-78.5° (135 mm) [17).

The reaction of the primary isoprene hycrobromide (33.4 g, 0.22 mole) with butylmagnesium bromide
and the separation of the reaction products was performed under the same conditions as described above. From
the obtained hydrocarbon fraction, fractionation yielded 2-methyloctene-2 ( 10.2 g, 36% on the basis of iso-
prene), b.p. 144.5-145.2° (7145 mm), nfy 1.4252, df’ 0.7389.

From the low-boiling fraction, containing octane, 2-methyloctene-2, and possibly, 3,3-dimethylheptene -
-1, we could not completely isolate the latter by itself.

SUMMARY

1. The reaction of alkyl magnesium bromides with isoprene hydrobromide (immediately after its pre-
paration, without distillation) was studied at low temperature (=70%); it was shown that this reaction can serve
as a preparative method of synthesis of 2-methylalkene-2 and of alkenes with a quaternary carbon atom - 3,3-
-dimethylalkenes-1 (in total yield of 55-59%), which are readily fractionated by distillation.

2. Reaction of isoprene hydrobromide with alkyl magnesium bromides ( RMgBr where R =C;Hs, CgHy,
i50-CyHy, CqH, 150-CHy, CHyy) gave 3,3-di 1, 3,3-di -1, 8,8,5-ti
-1, 2 -2, , 2,5-di and hyl

3. A study was made of the reaction at =70° of butyl magnesium bromide with primary isoprene hydro~
bromide = 4-bromo-2 -methylbutene-2 = prepared in the pure form; only one alkene was isolated from the
products of this reaction — 2-methyloctene-2 ( yield 36%) .
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REACTION OF DIOXANE WITH ACETIC ACID AND ACETIC ANHYDRIDE

K. N. Kovalenko, N. A. Trifonov and D. S. Tissen

Dioxane is now extensively used as a solvent. Undoubted interest is therefore attached to elucidation of
the character of its interaction with substances belonging to various classes of chemical compounds. This
accounts for the large number of publications devoted to dioxane solutions [1,2]. It is quite natural that dioxane,
through the medium of its oxygen atoms, should enter into chemical interaction with substances containing polar
groups in which hydrogen is present [3). In particular, we should expect dioxane to react with organic acids due
to formation of a hydrogen bond. We confirmed this experimentally in an investigation of the system dioxane —
acetic acid by measurements of viscosity, density, surface tens'on and refractive index at 25 and 40°. On the
other hand in the system dioxane — acetic anhydride ( whose molecule is lacking in a hydrogen atom linked to
a polar group), which we also studied with reference to the same properties, chemical reaction does not take
place.

EXPERIMENTAL

Dioxane, pure grade, was kept for a long period over anhydrous calcium chloride, distilled, dried with
metallic sodium and fractionally distilled over sodium. We used a fraction with b.p. 101-101.8° at normal pres-
sure; df’ 10265, ¥ 1.4204

Acetic anhydride was kept over dehydrated sodium acetate and distilled over the latter at the ordinary
pressure. The fraction collected for investigation had b.p. 138.8-139°, di° 1.0737, nj 1.3880.

Acetic acid was prepared from acetic anhydride, purified as above, by mixing with the calculated amount
of water, df° 1.0452, nf§ 1.3710.

Viscosity was measured with the help of a capillary viscometer fitted with suitable devices for protecting
the solutions against access of moisture; density was determined with a Regnault pycnometer, capacity approx.
& ml; surface tension was measured by the method of lowest pressure of formation of bubbles; the constant of
the capillary tip was 7.1. Refractive index was measured on a universal laboratory refractometer ( Abbe type)
with a thermostatic device enabling the required temperature to be maintained to an accuracy of 2 0.1°.

System dioxane — acetic acid. Results of of viscosity (1), density (d), surface tension (o)
and refractive index (np) ) of the system are presented in Tables 1 and 2, where « and ¥ are the absolute
temperature coefficients of viscosity and surface tension, ZV—V are the contractions in the system calculated
by the Biron formula [4], and nl’;add ate the values of refractive index at 25° calculated from the law of mixing
with allowance for the additivity effect in the system when the. composition is expressed in proportions by vol-
ume [5].

The viscosity and surface tension isotherms plotted in Fig. 1 point to the correctness of our assumption. On
the viscosity isotherms there is a maximum lying close to the ordinate of the solution containing 33.3 mol.-%
dioxane. This maximum testifies to the occurrence of chemical interaction between dioxane and acetic acid,
leading to the formation of dissociated dioxane diacetate:

CH,~CH,
AN

CHyCOOH . .

\CHz ~CHy
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Not less convincing are the surface tension isotherms whose form is characteristic of rrational systems[6-8]. . Adsorption of acetic acid is masked on the surface tension isotherms by the chemical reaction in the sys-
tem; on the curve of the temperature coefficient of the surface tension this phenomenon is reflacted in the sharp
TABLE 1 drop of 7 on addition of acetic acid to the dioxane (¥ oy ooy = 0100 and g0, =0.141).

Viscosity and Surface Tension of the System Dioxane — Acetic Acid In Fig. 2 are plotted the density and refractive isotherms of the system dioxanc — acetic acid, which like-
- - Wise support our assumption; the composition is expressed in volume -percent [5,9]. The density isotherms re-
7 (i contipolses) flect the marked contractlon in the system; the refractive index isotherms point to a slight positive deviation

CH,CO0H
(mol-%) from additivity. Both features are associated in the present case with reaction between the components.,

System dioxane - acetic anhydride. Results of ofn, d, oand np are presented in Tables 3 and 4.

09 ! 01 | 31 .

). 0] " 3

0981 00202 ] ; . TABLE 3

1013 ] ; X . Viscosity and Surface Tension of the System Dioxane ~ Acetic Anhydride
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Density and Refractive Index of the System Dioxane — Acetic Anhydride
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Fig. 1. System dioxane —acetic acid. Viscosityand Fig. 2. Density and refractive index of the sys-

surface tension and their temperature coefficients. tem dioxane — acetic acid. " " . . fanat N
Fig. 3. System dioxane —acetic anhydride. Viscosity Fig. 4. Density and refractive index of the sys-

and surface tension and their temperature coefficients, tem dioxane — acetic anhydride,
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We see from Figs. 3 and 4 that the isotherms of all the properties ( except viscosity ) that we studied are
straight or nearly straight lines. The viscosity isotherms are convex tothe axis of composition. Chemical inter-
action is clearly absent from the system dioxane = acetic anhydride. We may say that this system is almost
normal in respect of reaction between the components. This fact confirms the correctness of our above suggestion
about the character of the bond formed by interaction of dioxane with acetic acid.

SUMMARY

1. Systems dioxane — acetic acid and dioxane — acetic anhydride were studied by measurements of vis-
cosity, density, surface tension and refractive index at 25 and 40°.

2. Chemical reaction is observed in the system dioxane — acetic acid, leading to formation of a com-
pound which is considerably dissociated in solution.

3. The system dioxane —acetic anhydride s close to normal in respect of reaction between the com-
ponents,
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INVESTIGATIONS ON CONJUGATED SYSTEMS
LX. REACTION OF DIVINYLETHYLACETYLENE WITH TERTIARY BUTYL CHLORIDE AND BROMIDE

A. A, Petrov and K. V. Leets

One of us (with Yu. L Porfiryeva and E. A. Leporskaya) had previously shown that the simplest addends
can be classified into two groups according to the order of addition to homologs of vinylacetylene. Hydrogen
and hydrogen halides add on at the triple bond, halogens and hypohalites predominantly at the double bond
[1-5]. In the case of vinylacetylene itself, all these addends add on exclusively or mainly at the triple bond
6.

These regularities in the reactivity of vinylacetylenic hydrocarbons may be Correlated with the charac-
ter of the displacement of electrons in the conjugated system under the influence of radicals, and also with
steric factors. A larger number of facts must, however, be accumulated for establishment of the actual reasons
for the regularities.

Special interest was merited by a study of reactions of vinylacetylenic hydrocarbons with halogen deriva-
tives of hydrocarbons. The latter usually add on in the same direction as hydrogen halides [7], although the
positively polarized portion is here not the hydrogen but the hydrocarbon radical. In the case of vinylacetylene
this general law is observed, Tertiary butyl chloride and bromide in presence of zinc halides add on to vinyl-
acetylene at the triple bond, the radical going to the first atom of the conjugated system and the halogen to
the second [8]. o -Chloroethers add on to vinylacetylene likewise at the triple bond, mainly in the 1,2-posi-
tion [9].

The results of experiments on reaction of vinylacetylene with tertiary butyl chloride and bromide in pre-
sence of the corresponding zinc halides also showed a different order of addition: the radical goes to the quater-
nary carbon atom of the conjugated system, and the halogen to the first atom, Possible intermediate products
are 3,4-compounds of an acetylenic character (I) which under the influence of the catalyst isomerize to
identified compounds with an allenic grouping of double bonds (II) or enter into reaction with the original hydro-
carbon. The latier process accounts for the formation of considerable amounts of high-boiling products with
the general formula (CHg)gC—(CgHg)x-Hal, where x = 2, 3, etc, Reaction in this direction is actually favored
by the fact that initially formed acetylenic halides of the propargyl type have a higher reactivity than the
original tertiary alkyl halides.

Increase in the excess of hydrocarbon leads to a slight increase in the yield of 1:1 addition products.
Evidently higher products are also formed as a result of participation in the reaction of more than one multiple
bond. It must also be mentioned that the addition of alkyl halides to vinylethylacetylene goes very much more
slowly than undef similar ions with viny A special i ished that a small
amount of reaction product is formed in the course of 2 weeks. After 11/2 months there still remained a
small amount of the original substance (which had been taken in excess).

Reaction of vinylethylacetylene with alkyl halides may be expected to lead to 6 addition products in
1:1 ratio:

GHg=C = C—CHHal~CH, ~C(CHyg)g (D) GpHs G = CHal ~CH = Gy a
G(CHy)s
CyHg=CHal = C = CH—CH, =C(CHy)g (II) GyHs~C = C = CH—CHyHal
c[(CH,»
C;H=C = C~CH—CH,Hal C;Hg—CHal = C—CH = CH,
C(CHy)s

Sanitized Copy Approved for Release 2010/07/20 : CIA-RDP81-01043R000400050005-3



The structure of the prepared products was confirmed by ozonization. Cleavage with ozone of the pro-
duct of addition of tertiary butyl chloride to vinylethylacetylene gave propionic and tertiary butylacetic acids.
The products of ozonization did not include halogen-containing acids or carbonyl compounds. Formula (II)
was therefore assigned to the substance.

Ozonic decomposition of the product of addition of tertiary butyl bromide to vinylethylacetylene like-
wise gave propionic and tertiary butylacetic acids. Bromoacetic acid was absent from the okidation products.
The fraction of acids with the highest boiling point was a bromine -containing acid, evidently ¢ -bromo-y ~di-
methylvaleric acid. On the basis of these data we concluded that the investigated substance is the allenic
bromide (II) slightly contaminated with the acetylenic compound (1),

Such a structure of the prepared halides is confirmed by their behavior towards alcoholic alkali, On
boiling the chloride with 10% alcoholic KOH for 1 hour, only 9.4% chlorine goes-into solution. Under similar
conditions the bromide loses 317 bromine.

Formation in both cases of trimethylacetic acid as the main product of oxidation provided conclusive
proof that the radical adds on preferentially to the quaternary carbon atom of the conjugated system, Con-
sequently, in the case of vinylalkylacetylenes, in contrast to the previously established iule, halogen derivatives
do not add on in the same manner as hydrogen halides. Only in the case of hydrogen and hydrogen halides
does the triple bond react at first. In the remaining cases that were investigated, the double bond is more
reactive.

EXPERIMENTAL

Reaction of vinylethylacetylene with tertiary butyl chloride.

2) From 30 g (0.32 mole) of (CHy)CCl and 51 g (0.64 mole) of vinylethylacetylene *in the presence of
3 g of ZnCly, 0.3 ml of concentrated hydrochloric acid and 0.3 g of hydroquinone, we obtained 55 g of reac-
tion products. The duration of the reaction was 46 days. .

Upon vacuum -distillation, the substance was separated into the following fractions: 1st, 50-60° (2.5 mm),
10.3 g; 2nd, 100-120° (1.5 mm), 5.9 g; 3rd, 140-160° (1 mm), 3.6 g; residue — 33 g,

Repeated distillatidn of the 1st fraction yielded 8.2 g of product:
B.p. 72-73" (10 mm), df° 0.9028, n%) 1.4737, MRp 53.74. CyqHyCl Fze Cale. 52.31
Found : C120.48. GyoHyCl. Calculated % CI 20,54,

When a weighed portion of the product (0.1765 g) was heated for 1 hour with a 10% alcoholic KOH solu -
tion, 9.4%(0,0084 g) of chlorine passed into the solution.

7.5 g of ozonides was obtained upon ozonation of 5.3 g of the substance. After decomposition of the
ozonides, the ethereal extract did not contain carbonyl (test with 2,4-di Thydrazine in
acetic acid). Propionic and tertiary butylacetic acids were isolated upon distillation of the obtained acids,
Propionic acid (b.p. 140-143°) was purified through the sodium salt. The acid was dissolved in methanol and
neutralized with a methanolic solution of NaOH, With addition of acetone, sodium propionate precipitated
out. After 2-fold reprecipitation, the compound was dried at 150° and analyzed.

Found %: C 36.87; H 5.33; Na 24.45. CyH;O;Na. Calculated %: C 37.53; H 5.25;
Na 23.96.

The amide, mp. 81°, and the anilide, m.p. 104°, were prepared from the salt by the usual methods.
Literature data [11] give: amide of propionic acid — m.p. 81.3", anilide — m.p, 105",

Tertiary butylacetic acid (boiling range 92-97° at 26 mm) also was purified through the sodium salt, The
acid was neutralized by a‘solution of NaOH in methanol. The methanol was evaporatéd down to dryness. The
residue was extracted with hot acetone ( +0,5% H,0). The crystals that came down from the acetone were again
recrystallized from acetone (+0.5% HyO).

Found % C 52.48; H 8.16; Na 16.01. CgHyyOpNa. Calculated iz C 52.16; H 8.02; Na 16,15,

* It was prepared by the usual method [10].
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From the salt we prepated the amide, m.p. 131.5°. A mixture test gave m.p. 131.5°, Literature data
[12] give: m.p, 132°.

Not ore of the acid fractions or the small residue from distillation contained halogen,

From the 2nd fraction a second distillation yielded 2.5 g of substance:

B.p. 110-115° (2 mm), d{’ 0,9485, nf) 1.5013, MRp, 78.55. CighyCIE 5 . Calc. 78.03.

Found % Cl14.27. CygHgCl. Calculated % C114.02.

Upon hydrolytic decomposition of a sample of the substance under the above described conditions, 14.5%
chlorine passed into solution.

From the 3rd fraction we isolated 1.5 g of substance:

B.p. 145-155° (2 mm), d§° 0.9850, o¥f 1.5153, MRp, 102.04. CopHyyCIF 3 Fp. Calc. 103.63.
Found % C110.98. CyyHyCl. Calculated %: 10.65.

b) When the reaction was performed with another ratio of components: 66 g (0.72 mole) of (CHg)CCl and
40 g (0.5 mole) of vinylethylacetylene, we obtaired 30 g of substance which upor: fractionation, was separated
into a fraction which boiled at 50-60° (2.5 mm), 4.8 g, and a residue of 24 g. From the 1st fraction we isolated
a compound, b.p. 72-73° at 10 mm, df® 0.9020, =¥ 1.4728.

2. Reaction of vinylethylacetylene with tertiary butyl bromide.

45 g (0.33 mole) of (CHg)CBr and 53 g (0.66 mole) of vinylethylacetylene in the presence of 4.6 g of
ZnBry, 0.2 g of ic acid and 0.2 g of were reacted for a period of 49 days
and we obtained 55 g of reaction product. Vacuum-distillation at 50-70° (2 mm,) yielded 17.5 g of substance,
Residue =35 g.

A second distillation of the 1st fraction yielded 11 g of substance,

B.p. 86-88° (10 mm), df’ 1.1178, n}) 1.4973, MRy, 57.02. CyoHyBrs. Cale. 55.20.
Found %: Br 36.42. CyHyBr. Calculated %: Br 36.80,

Upon hydrolytic decomposition under the above described conditions, 31% of bromine passed into solution
(the sample weighed 0.2866 g; we found 0.0327 g of bromine ion).

Ozonization of 6.8 g of the substance yielded 9 g of ozonides. After the usual decomposition of the
ozonides, the organic acids, extracted with ether,were separated by distillation into the following fractions:
1st, 140-145° (756 mm), 0.8 g; 2ad, 90-190° (26 mm), 1.9 g; 3rd, 100-130° (2 mmy), 0.4 g; residue = 0.3 g.

The 1st and 2nd fraction did not contain halogen. From the 1st fraction, we isolated the sodium salt of
propionic acid by the previously described method.

Found % C 37.91; H 5.08; Na 24.21. GgH;OyNa. Calculated % C 87.53; H 5.25; Na 23,96,
From the 2nd acid fraction, we isolated the sodium salt of tertiary butylacetic acid.
Found % C 51.79; H 8,00; Na 16.48. CgHyO;Na, Calculated %: C 52.16; H 8,02; Na 16.15,

From the salt we prepared the amide of tertiary butylacetic acid, m.p. 131.5°, A test mixture melted at
the same temperature. The 3rd acid fraction contained halogen. The sodium salt of this acid, prepared from
methanol, was washed with anhydrous ether after the methanol had been evaporated off.

Found % Br 33.36. CyHpOuBrNa. Calculated %: Br 34.56.

All analyses for halogen were performed according to Prinasheim.

SUMMARY
1. The reaction of vinylethylacetylene with butyl chloride and bromide in presence of zinc halides was
investigated.
2. It was shown that in both cases addition takes place with binding of the radical (the positively polarized
portion of the molecule) at the terminal atom of the ethylenic bond, i.e. not at the same point as that of addition
of hydrogen halides.
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ACTION OF ACETYL CHLORIDE AND ACETIC ANHYDRIDE UPON ALKYL ESTERS
OF ARSENIOUS ACID

Gilm Kamai and Z. L. Khisamova

In-the preceding investigation [1] one of us studied the action of acetyl chloride and acetic anhydride
upon some alkyl esters of a-methoxypropylene glycol arsenious acid. It was found that the reaction with acetyl
chloride goes with forination of the acid chloride of a-methoxypropylene glycol arsenious acid without rupture
of the ring; with acetic anhydride the product is the of glycol
arseniotis acid,

Continuing the investigation, we have studied the reaction of acetyl chloride and anhydride with the
simplest alkyl esters of arsenious acid. By the action of 1 mole acetyl chloride on 1 mole ester of arsenious
acid, the reaction goes with slight heat development according to the equation:

(RO)3 'As + CHyCOCl —> (RO);AsCl + CH;COOR.

In our éxperiments we isolated six acid chlorides of dialkyl arsenious acids (Table 1).

BLE 1

Content in %

Botling polnt s
at pressure
(mm)

Formula

Preparation No.

c‘::fg);;c:.“ 72-73° (10), 3419 | 3492

<
A(GHONA . .| 1315 (10) 267°| 3247
oS .| 96-965(14) y 3086 | 3088
156(CHOpAC . | 108—111(25) 213 | 239
A-CH,OBACI . : | 110—112 (10) 2929 | 2939
WCHOnAcl . | 140143 (2) B | 239

_ The prepared acid chlorides of dialkylarsenious acids are colorless, readily mobile liquids. They are easily
hydrolyzed by atmospheric moisture with formation of arsenic trioxide; they react with hydrogen sulfide to give
_ ayellow precipitate. Our attempt to obtain dialkyl arsenfous acids by saponification of equimolar amounts of
the acid chlorides with water did not meet with success. In its general form the saponification reaction may be
represented by the equation:

2(RO)ASC] + 3HOH =3 As,0y + 4ROH + 2 HCL

Acid chiorides readily enter into reaction with alcohols in presénce of anhydrons pyridine with formation
of mixed esters of arsénious acld.,  In this manner we synthesized ethyl-dipropyl, ethyl-dibutyl and propyl-dibutyl
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esters of arsenious acid, The mixed esters react with acetyl chloride to form asymmetrical acid chlorides,
alkoxy groups being replaced by chlorine according to the following scheme:

GO CaHg0_
_JAs=OCqHy + CHy=COCl —> _JASCL+ CHy=COOGyHy.
CsH;0 CyHyO
)
We also studied the interaction of alkyl esters of arsenious actd with acetic anhydride, Our experiments
showed that these alkyl esters, when heated with acetic anhydride, form mixed anhydrides of dialkyl arsenfous
and acetic acids according to the scheme:

CHy=CO, (RONAS,
N\, N, _
o —> 0 + CHy=COOR.

CHy=CO' CHy~CO'

(RO)yAs +

Some data for these mixed anhydrides are presented in Table 2.

The separated mixed anhydrides are colorless liquids which are unstable in the air, undergoing hydrolysis
with formation of a white precipitate of arsenic trioxide.

TABLE 2

Content in %

Boiling point
at pressure "D
(mm)

No. Formula
| found | cale.

i50-(CiHONAR,
20| 111-112°(12) | 11554 2645 | 2669
CHy~CO .

NACHOMAI

£
CHy—cO
N{CHLONAS,

Z
CH,~CO

125—126(10) | 1.1803 12674 | 2669

146—148 (5) 1.0954 2246 | 22.29

In view of the latter reaction, it was of interest to study the reaction of acetic acid with alkyl esters of
arsenious acid, Our experiments established that reaction of 1 mole acetic acid with 1 miole of aliphatic arsen<
ite at elevated temperature led to formation of alkyl acetates, mixed anhydrides of dialkyl arsenious and acetic
acids, arsenic trioxide and the corresponding alcohols. Formation of these substances may be represented by the
following series of reactions:

(RO)yAs + CHyCOOH =3 (RO);AsOCOCHj + ROH,
ROH + CHyCOOH += CHyCOOR + H,0,
2ARO)As=OCOCHj + 3H0 —> As;05 + 2CHyCOOH + 4ROH,
(RO)gAs + BH;O '« G6ROH + As;Oy.

EXPERIMENTAL
‘The initial substances, .e. alkyl esters of arsenious acid, were prepared by heating arsenious acid an-
hydride with the corresponding alcohols. . Certain data on them are given in Table 3,

Preparation of mixed esters of arsenious acid. 30 g of ethoxydichloroarsine was added through a dropping
funnel, with cooling, to a mixture of 19 g of n-propyl alcohol, 25 g of anhydrous pyridine and 250 m1 of ethyl
ether.. The precipitate was filtered off and washed with ether, After the ether was driven off on a water bath,
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the remaining mass was distilled through a Widmer column in vacuum, Yield 12.1 g (31.9%). The ethyl-di-n-
-propyl ester of arsenious actd was a colorless light-refracting liquid:

B. p. 92-93° (19 mm), df 1.1325, nfs 1,4423, MRpy 54.51; calc. 54.89.
Found %: As 3114., CgHyOghs. Calculated %: As 31.45,

In this way we the and il esters of arsenious acid, Certain data on
these esters are given in Table 4.

TABLE 3

Boling point » 5 | Content As (in%)
Formula at pressure y "D
(mm) found

N4CHONAs . - 97-98°(13) | 1.1132 | 14391
i804CH.OpAS - 116-117(12) | 10568 | 1.43%
A {CHOAs 109(4) -| 1.0683 | 14428
AACHIONAS . 159(2) | 10119 | 14502

TABLE 4

Preparation | Formula Botling point s Content As (in 7)
number | . at pressure(mm) Calculated
1 CyH;0A{OC Hy)y 110-113°(9) 11262 |1.4542
2 n-CoHiOA{OC/Hg) | 112-112.5(14) | 1.0930 |1.4438

Preparation of a di-n-propylarsenious acid chloride. 20 g of n-tripropylarsenite and 6.2 g of acetyl chlor-

ide were placed in a Arbuzov distilling flask. The temperature of the liquids rose from 19 to 33° upon mixing.
The reaction mixture was further heated to 110° in the course of 30 minutes, The reaction products were d
tilled: it fraction, up fo 50° (13 mm), 6.5 g, nfS 1.3852, was propyl acetate; 2nd fraction 73-75" (10 mm),
13.8 g, d¥ 1.2447, n) 1.4683— was a colorless readily hydrolyzed liquid.

Found %: As 32.67, 32.36; C115.91; MR, 49.15. CgHy(0,ClAs. Calculated %: As 32,47; C115,51;
MR.D 48.85.,

Preparation of ethyl-n-propylarsenious acid chioride, 15.4 g of ethyl-di-n-propylarsenite and 5 g of
acetyl chloride were taken. Upon combination the temperature of the liquids rose to 43", The contents of the

flask were further heated on an oil bath for 10 hours. The next day, the contents were distilled. The following
two fractions were separated:

1st, b.p,101-102°, nfS 1,3828, which corresponded to propyl acetate; 2nd, b.p. 72-73" (10 mm)—-a color-
less liquid, df’ 1,2087, nf) 1.4672.

Found %: As 34,49; C1 16,57, GgHyOyClAs. Calculated %: As 34,94; Cl 16,53,

The other two dialkylarsenious acid chlorides were prepared by the above method, by reacting equimole-
cular quantities of trialkylarsenite and acetyl chloride,

Preparation of mixed anhydride of dibutylarsenious and acetic acids. A mixture of 20 g of tributyl ester

of arsenious acid and 6.8 g of acetic anhydride was heated on an oil bath at 140-146" for 7 hours. Vacuum-
distillation yielded the following fractions; 1st, up to 30° (20 mm), 7.6 g and 2nd, 125-126° (10 mm), 14.2 g.
After distillation, from the 1st fraction we isolated pure butyl acetate, b,p, 125" and nf} 1.3944, 7.1 g, A second
distillation of the 2nd fraction yielded a substance with the same boiling point; df’ 1,1803, nfj 1.4483,

Found %: As 26.59, 26.72, CygHy O4s. Calculated %: As 26.69.

The analytical data for arsenic showed that the isolated compound was the mixed anhydride of dibutyl-
arsenious and acetic acids,




The synthesis for the other mixed anhydrides of composition (RO)ASOCOCHj is the same as the one
described above,

Action of Acetic Acid on Trialkylarsenites

Experiment 1, 18 g of n-propyl ester of arsenious acid and 3 g of glacial acetic acid were heated on an
oil bath to the boiling point for 30 minutes. The reaction proceeded with evolution of arsenious acid anhydride.
Distillation yielded 6 g of a fraction that boiled at 96-102° (theoretical yield 5.5 g). After a second distillation,
we isolated a compound, b.p, 101-101,5°, 1 1,3846, which corresponded to n-propyl acetate. ~ Later, upon

vacuum-distillation, we isolated a fraction, b.p. 103" (10 mm), ng 1.4440,

Found %: As 29.68, 29.90. CgHyiO4As. Calculated %: As 29,73,

The analytical data for arsenic showed that the compound was the mixed anhydride of dipropylarsenious
acids, However, it must be noted that determination of the acetyl group gave contradictory results: instead of
19.61 mg, we found 11.62 mg.

Experiment 2. A mixture of 113 g of n-hexyl arsenite and 1.8 g of acetic acid was heated to 120" for
40 minutes, During this reaction, a white precipitate of arsenic trioxide separated out. Vacuum-distillation
yielded two fractions: 1st, b.p. 62° (16 mm), n& 1.4170, and 2nd, b,p, 153° (2 mm), nf) 1.4510.

The 1st fraction was redistilled: b.p. 169° (760 mm), which corresponded to n-hexyl acetate. We could
not isolate a single compound in its pure state from the 2nd fraction,

Hydrolysis of dibutylarsenious acid chloride. 3 g of dibutylarsenious acid chloride was mixed with 45 mi
of water, The hydrolysis reaction proceeded very vigorously with the formation of a white precipitate. The
precipitate was filtered off, washed and dried to constant weight.

Found %: As75.41. As,Oq Calculated %: As75.73.

Action of hydrogen sulfide on di-n-propylarsenious acid chloride. Dry hydrogen sulfide was passed into
a solution of 2.3 g of the acid chloride in 40 ml of absolute ether, The reaction evolved heat and a yeliow
precipitate formed. The further course of the reaction was described in the literature [2]. The weight of the
arsenic trisulfide obtained, was 1.18 g (96%).

SUMMARY

1. Reaction of equimolar amounts of acetyl chloride and alkyl esters of arsenious acids gave some acid
chlorides of dialky! arsenious acids. Their properties were studied.

2. It.was shown that asymmetric acid chlorides are formed on reaction of acetyl chloride with mixed
esters of arsenious acid,

3. Reaction of acetic anhydride with trialkyl arsenites gave mixed anhydrides of the general formula
(RO);ASOCOCHj whose properties were studied.

4. It was shown that a complex reaction takes place between acetic acid and triaikyi arsenites wit
formation of alkyl acetates of the mixed anhydrides, arsenic trioxide and the corresponding aicohols,

5. An attempt to prepare dialkyl arsenious acids by hydrolysis of the corresponding acid chiorides was
unsuccessful.
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TERTIARY TRIHYDRIC ALCOHOLS OF THE ACETYLENIC SERIES
AND THEIR TRANSFORMATIONS

IX. -DEHYDRATION OF 2-METHYL-5-(1-HYDROXYCYCLOHEX YL)-HEXYNE-3-DIOL-2,5-
AND 2,4-DI-(1-HYDROXY CY CLOHEXYL)-BUTYNE-3-OL-2

V. I. Nikitin and A, Kh, Khamatov

In preceding communications [1] we described the ion of 2,3,6-tri 4-triol-2,3,6
and of 3,4,7-trimethyloctyne-5-triol-3,4,7 with 20% sulfuric acid, potassium bisulfate and p-toluenesulfonic
acid. Dehydration was shown fo proceed preferentially with formation of a-glycols of the isopopenylacetylene
series in yields of 60-70%. Concurrently dehydration of the triols also proceeds to a smaller extent (4-8%) with
1oss of two molecules of water.and formation of dienynic carbinols,

In the present investigation our objective was the clarification of the influerice of cyclic radicals, intro~
duced into the molecule of an acetylenic triol, on the character of the dehydration reaction, For this purpose
we subjected 2-methyl-5-(1-hydroxycyclohexyl)-hexyne“3-diol-2,5 (1) and 2,4-di-(1-hydroxycyclohexyl)-
-butyne-3-0l-2 (IX) to the action of dehydrating agents. These two compounds were synthesized for the first
time by one of us and S. D, Savranskaya [2).

hyl-5-(1 y b diol-2,5 (1) was subjected to the action of 20% sulfuric
acid, potassium bisulfate and p-toluenesulfonic acid, In each case we were able to isolate two compounds:
an a-glycol of the i series— 2 methyl-5-(1-hy y hy 1-yn-3-0l-5 (II),
and a dienynol = ien-1,5-yne-3 (I):

Uk & &, b,

@n iy

e cmcococry— r \‘LCH—CH;—CH;——CH—CHm
(N

The yield of the enynediol (1) on dehydration both with sulfuric acid and potassium bisulfate was only
10%; that of dienynol (II) was 48% with sulfuric acid'and 26% with potassium bisulfate, On carrying out the de~
hydration with p-toluenesulfonic acid, however, the yield of the enynediol (II) rose to 26% and that of the
dienynol (I1) was 25% calculated on the original acetylenic triol. In all cases the dehydration of the triol {s
by consi i of the reaction products,

Sanitized Copy Approved for Release 2010/07/20 : CIA-RDP81-01043R000400050005-3



The structure of glycol (1) was verified by oxidation with potassium permanganate; this reaction gave
cyclohexanone, acetylcyclohexanol and fomic, acetic and oxalic acids.

Hydrogenation of glycol (III) both over platinum and palladium catalyst in methanol solution proceeds
violently, but after addition of 2 moles hydrogen the rate of addition of hydrogen slows down appreciably. On
introducing the calculated amount of hydrogen (2 moles) we obtained the ethylenic glycol, 2-methyl-5-(1-
hydroxycyclohexyl)-hexen-2-0l-5 (IV).

Oxidation of the latter with p gave and acetic, oxalic,
adipic and formic acids (the last- named in insignificant amount). Acetone could only have been formed from
2-methyl-5-(1 1-5 (IV). Concerning the very small amount of formic acid,
this might have been formed either by oxidation of the acetone [8] or by oxidation of 2-methyl-5-(1-cyclo-
hexyl)-hexen-1-ol-5 (V) which could possibly have been present as a minor impurity, The latter route is more

probable.
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Exhaustive hydrogenation of glycols (1) and (IV) in glacial acetic acid solution led to the saturated glycol,

)-h
The structure of the dienynic alcohol (III) was confirmed by oxidation with potassium permanganate, which

led to formic, acetic, oxalic and ic acid. ion of thie dienynol (1II) leads

to absorption of 4 moles hydrogen with formation of 2-methyl-5-(1-hydroxycyclohexyl)-hexane (VII).

Under the action of 25% sulfuric acid, the saturated glycol (VI) does not undergo the pinacoline rearrange~
ment but is dehydrated with loss of two malecules o water and formation of a diene hydrocarbon which in all
is thy1: 1 he 4 (VII).

The action of upon 2,4-di~(1 b 1-2 (IX) is entirely dif-
ferent, No reaction products could be isolated after treatment with 5, 10, 20 or 30% sulfuric acid or with potas-
sium bisulfate, The acid and the bisulfate once again had a great destructive action'on the molecule to the

of marked resinification. Even p ic acid is such a strong dehydrating agent for
this acetylenic glycerol that the main reaction product is a dienic catbinol = 2-(1-hydroxycyclohexyl)-4-
(cyclohexenyl-1)-buten-1-yne-3 (X) in yield of 40%, while the yield of glycol, 2~(1-hydroxycyclohexyl)-4-
(cyclohexenyl-1)-butyn-3-o0l-2 (XI), does not exceed 1%,
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The amount of glycol (XI) was too small for oxidation, but on the basis of analysis we can infer, by
analogy with the preceding cases of dehydration, that its structure is that of an a-glycol. It absorbs 3 moles
hydrogen in exhaustive hydrogenation and gives a saturated glycol — 2-(1-hydroxycyclohexyl)-4-cyclohexyl-
butanol-2 (XII).
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The structure of 2+( 1) 1 3 (X) was irmed by
permanganate. oxidation; which gave cyclohennou and formic, oum: a.d ndl;(c acids, Judging by this re-
sult, the dienynol can be assigned the structure of either 8(1 ydr 1)-buten-
1-yne-3.(X) or of 2« )-4-(1-hy 3, In.view of the fact that
hydroxyls adjacent to a triple bond are more ubﬂa, as confirmed by the umnllmonl of many chemists [3-7)
and by our studies {1}, we regard structure (X) as the more probable one for this dienynol,

On hydrogenation the dienynol (X) takes up 4 moles hydrogen to form the saturated alcohol, 3-(1-hydroxy~
cyclohexyl)-4-cyclohexylbutane (XII),

EXPERIMENTAL

2-Methyl-5(hydroxycyclohexyl)-hexyne-3-diol-2,6 was prepared by the previously described method
of condensing dimethylacetylenylcarbinol with acetylcyclohexanol {2}, B.p. 161-166° (8 mm), m.p, 87-868%

1, Dehydration of 3-Methyl-6-(1-hydroxycyclohexyl)-hexyne-3-diol-2,6 (1)

With sulfuric acld, A mixture of 20,5 g of 2-methyl-5-(1-hydroxycyclohexyl)-hexyne-3-diol-2,6 and
150 m1 of 20% sulfuric acid was heated on a boiling water bath for 2 hours, A violet-colored ofly product
separated out, was extracted with ether, treated with dilute soda solution, dried with sodium sulfate and after
the ether was driven off, it was vacuum-distilled at 8 mm. We obnlned fractions: 1st, b,p, 100~108%, 8,8 g,
crystals, m.p, 47-48° (from ether), was ,6 yne~8 (11I);
2nd, b.p. 120-128% 2 g, crystals, m.p, 74-76° (from benzem). wn $-methyl-5-(1-hydroxycyclohexyl)-hexen~
1-yn-3-01-5 (1I); 8rd, b,p, 160-185°, 2.2 g, m,p. 87-88"= initlal substance; resinified residue of 8.4 g,

With potasstum bisuifate, A mixture of 18,7 g of 3-methyl-6-(1-hydroxycyclohexyl)-hexyne-3-diol~2,6
with 6 g of finely ground potassium bisulfate.and 0,1 g of pyrogallol was heated over a bath to 140-145° in
4 mm, vacuum, At 110-125°, 12,4 g of substance was distilled off,  The: crude product was disolved 1n ether,
dried with sodium sulfate and after the ether was driven off, it was vacuum-distilled at 8 mm: 1t fraction,
botled at 100-108", 4.7 g, crystals, m.p. 47-48%; 2ud fraction boiled at 100-136, 1.9 g, crystals, m.p, 74-76%
resinified residue of 3.5 g.

With p-toluenewifonic acid, 35 g of 2-methyl-5+1-hydroxycyclohexyl)-hexyne~3-diol-2,5 was heated
with & mg of p-toluenesulfonic acid to 165-170° in 7-8 mm vacuym, At 148-150% 17.7.g of substance dis-
tilled off, The reaction products were dissolved in ether, dried with sodium sulfate, and after the ether was
driven off, they were vacuum-distilled at 8 mm: 1st fraction botled at 100-108%, 8,2 g, crystals, m,p, 47-48%
2nd fraction botled at 120-125°%, 6.5 g, crystals, m.p, T4+75°,

Analysis of 2-Methyl-6-(1-hydroxycyclohexyl)-hexadien-1,6-yne-8 (III
Found %: C 81,83, 81,98; H 9.98, 9.54; OH 9.7, 9.4, CyyHy O, Calculated %: C 82,10; H 9,47; OH 9.0,

Oxidation, Drop-wise, in the course of 6 hours, 800 rnl ol 3% potassium permanganate solution. was added,
with mechanical stirring, to 4.4 g of methyl-( (IM0) in 100 ml of water,. When
oxidation was complete, the manganese diox{de was filtared n{l and.the filtrate was extracted with ether, After
the ether was driven.off, there were-no neutral products, The. filtrate was then acidified with hydrochlortc acid
and the volatile.acids were driven off with steam, It took 245,5 ml of 0.1 N KOH solution to neutralize 1000 ml
of volatile acid distillate, The solution of the volatile acid salts was evaporated down almost to dryriess,
Qualitative reactions established the presence of formic acid by the calomel test and of acetic acid= by the
cacodyl test, After the volatile acids were distilled off, the solution was neutralized with alkall and oxalic
acid was precipitated with CaCly {n the form of calclum oxalate, The precipitate was flltered off, dissolved In
hydrochloric acid and extracted with ether {n an exteactor, After the ethex was driven off, we f1olated 1,0 g
of oxalic actd, m,p, 101-102%, which was {dentified by a mixture test, . After precipitation of the oxalic acid,
the filtrate was acidiffed with hydrochloric acid and extracted in an extractor, . After the ether was driven off,
we lsolated 0,8 g of a-hydroxyhexahydrobenzole actd , m.p, 105-106%(from benzene), A mixture.test of the
product with a-hydroxyhexahydrobenzoic acid maited at 105+108%

‘Thus, upon oxidation of 3-methyl-5-(1-hydroxycy yl)=h 1,8~yne-3, we {solared formic,
acetle, oxalic and l-hydroxyhsxnhydnbenzo(c acld,

Hydrogenation, 10.g of hy. 1,5+yne-8 (III) disolved in 60 m)
of ‘anhydrous methanol w ydn‘mtci Dvll phth\\un oxide (Accurdlu to Admn) in the course of 7. hours,
5.6 liters-of hydsogen was absotbed (32", 98 mm), . 8,89.1iters of hydrogen was calculated on the basts of 4 moles,

“
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After the methanol was diiven off, vacuum-distillation yielded 8.5'g of 2-methyl-5-(1- hydroxycyclo-
hexy]) hexane'(VII); b, P 100-102° (3 mmi), *

5 0.9150, nf5.1.4784, MRy, 61.31; cale, 61.56.

Fotind %: C 78,79, 78 56; H 13,16, 13. 13 OH 8.41, 8.65. C,,H”O Czlculaled %: 'C 78.79; H 13,13;
OH 8.58,

Analysis of 2-Metliyl-5:(1<hydroxycyclohexyl)-hexen-1:yn-§-01<5 (IT)

Found %: C 74,63, 74.87; H 9,63, 9.69; OH 16,59, 16.4. CygHO,. Calculated Po: C 74.94; HI,
OH 16,85,

Oxidation, 1200 ml of 3% potassium permanganate solution was slowly,added, drop-wise, with mechan-
ical stirring, in the course of 7 hours, to 11,9 g of hyl-5-(1 )-hexen-1 1-5 (1)
in 100 m1 of water, Separation and analysis of the products were performed in the same manner as in the
preceding experiment,

We separated 1.9 g of neutral substances, m.p. 150-155° (690.8 mm), which with semicarbazide gave a
mixture of semi of and Utilizing their different solubil
benzene, we were able to separate them; after several rectystallizations from methanol, the soltible portion
melted at 164-165" and the semi of (mixture test). After recrystal-
lization from methanol, the portion that was insoluble in benzene elted at 194-195°, A misture test with
the of gave no depression. From the acids we isolated formic and acetic
acids, 8.5 g (their presence was proved qualltatively by the formation of calorhel and cacodyl oxide), and
oxalic acid, 1.2 g, m.p. 101-102° (mixture_test).

Thus, oxidation of hyl-5-(1 )-hexen-1 yielded
acetylcyclohexanol and formic, acetic and oxalic acids. )

Hydrogenation. 11 g of hyl-5-(1 )-hexen-1-yn-3-ol-5 (1I), dissolved iri 75 m1
of anhydrous methanol, was hydmgenated over palladium supported on chalk, in the course of 8 hours. After
2.7 liters of hydrogen (227, 698.6 mm) had been absorbed, hydrogenation almost stopped. 2.75 liters of hydrogen
was calculated on the basis of 2 moles; After the methanol was driven off, the hydrogenated product was
vacuum-distilled, yield 9.4-g, b.p. 120-122° (3 mm), which was the ethylenic glycol = 2-methyl-5-(1-hydroxy-
cyclohexyl)-hexen-2-ol-5.(IV). v

@%'0.9853, nf} 14908, MRy, 62.3. CysHyOF. Caic. MRy, 62.62.
Found %: C 73.45, 73.67; H 11.68, 11.24 ; OH 16.21, 16,07, CygHp,0,.” Calculated do: C 73.58;
H 11.32; OH 16.,00. T

" Oxidation, 950 m1 of 3% potassium pérmanganate solution was added, slowly, drop-ise, with stirring,
in the course of 8 hours, to 14.1 g of h 1 h 15 (1V) in 100 m1 of water.
Further.analysis of the oxidation products was performed as in plecedmg casés.

Fractionation of the neutral products of okidation yielded 0,8 g of acetone, b.p. 54-56°, which gave
2,4-dihitrophenyltiydrazone, m.p. 126-127° (test mixture). After the acetone was driven off, -the neutral products

that remainied in the solution were, extracted in an extractor with ether.  We obtained 5g of crude product which,

upon distillation, yielded: st fraction, b.p. 100-150° (694.1 mm), 0.5 g; 2nd fraction, b.p. 70-80° (6 mm),
L5g, ) 1. 4898,

. The 15t fraction, which boiled at 100-150°, o one; the semil m.p.
165-186°, gave no fon in a test mi: ith the semi of "The 2nd faction
which boiled at 70-80° (6.mm) gave‘a semicatbazone, m.p. 194-195°, which corresponded to the semicarbazone
of acetyloyclohexanol (mixture test).. The 3rd-fraction; b.p. 118-120° (3 mm) proved t6 be the uroxidized
initial compound,

From the volatile acids, we isolated 1.3 g of acetic acid, presence determined by the cacodyl test, and
traces of formic acid; from the non-volatile acids— 1.7 g of oxalic ac)d m.p. 101-102° (mixture tést) and
1.2 g of adipic acid,'m.p. 150-151° (mixture test).

Hydrogenation of 2-methyl-5-(1-hydroxycyclohexyl)-hexen-2-ol-5 (IV). *9.5 g of the substance, dis-
solved in 80 ml of glacial acetic acid, was hydrogenated over platinum oxide-in the course of § hours. 1.2 liters
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of hydrogen (20.5°, 693.4 mm) was absorbed, 1.18 liters was calculated on the basis of 1 mole. The acetic
acid was with soda, the product was extracted with ether and dried with sodium sulfate.
After the ether was driven off, the product was vacuum-distilled, We isolated 8,2 g of 2-methyl-5-(hydroxy-
cyclohexyt)-hexanol-5 (VD).

B. p. 115-117° (2,5 mm), G2 0,9707, nf} 14820, MRp 62.84. CyghaeOp. Calc. 63,08,

Found %: C 72.56, 72.73; H 12,10, 12.13; OH 15.96, 16.18. CysHyOp. Calculated %: . C 72.90; H 12,15;
OH 15,89,

Dehydration of 2-methyl-5-(1-hydroxycyclohexyl)-hexanol-5 (VI)

With sulfuric acid. A mixtuse of 10 g of the substance and 100 ml of 25% sulfuric acid was heated on a
boiling water bath for 2 hours. After the usual separation of the reaction products, we isolated 7 g of substance,
b.p. 115-117" (2,5 mm), ng 1.4820, which was the unchanged initial substance, There was 2.5 g of resinified
residue,

With potassium bisulfate. A mixture of 8 g of substance and 1.7 g of finely pulverized potassium bi-
sulfate was heated on a bath to 140° in 12 m vacuum. 5 g of substance distilled off at 110-115°. After a

solated 4.2 g of substance b.p. 112-114° (12 mm) which was in all probability 2
~he 4 (Vi)

)
d 0.8812, nf$ 1.4985, MRy 59.26. CygHyg Fp. Calc. 59.1.
Found %: C 87.64, 87.34; H 12.28, 12.20. CygHy,. Calculated %: C 87.64; H 12.36. We found no
carbonyl or hydroxy! groups present,

Hiydrogenation. 0.4914 g of Compound (VI in 25 ml of anhydrous methanol was hydrogenated over
platinam oxide in the course of 2 hours. 146 mi of hydrogen was absorbed (24", 689.2 mm). 148,5 ml hydrogen
was caleulated on the basis of 2 moles.

11. Dehydration of 2,4-Di-(1-hydroxycyclohexyl)-butyn-3-01-2 (IX)

2,4-Di~(1-hydroxycyclohexyl)-butyn-3-0l-2_was prepared by the previously described method of con-
densing with acety {2}, m.p. 107-109",

Upon heating it on  water bath (so-70') with 50 and 20% sulfuric acid solution, and also, upon distilling
it in vacuum (6-7 mm) at 150-170° in the presence of anhydrous potassium bisulfate, complete resinification
occurred and no reaction products could be isolated.

p-Toluenesulfonic acid. A mixture of 20 g of 2,4-di(1-hydroxycyclohexyl)-butyn-3-ol-2 (IX) and 5 mg
of a mixture of substances, b.p, 150-160%, distilled off. The reaction products were dissolved in ether, dried
with sodium sulfate and after the ether was driven off, they were vacuum-distilled at 2 mm: 1st fraction,

b.p. 148-150°, 8.6 g, 2nd fraction, b.p. 160-170°, 2.6 g.

Upon standing, 0.3 g of erystals, m.p. 114-115" (from benzene) came down in the 1t fraction; they
proved to be 2-(1 1)-buty 1-2 (XI). A second distil~
Tation of the liquid portion of the Lst fraction yielded 8.2 g of substance,b.p, 134-135° (1 mm), which was
2-(1-hydroxycyclohexyl)-4-(cyclohexenyl-1)-buten-1-yne-3 (X). The 2nd fraction, b.p. 160-170° (2 mm), was
the initial product, m.p. 107-108° (from benzene).

Analysis of 2-(1-hydroxycyclohexyl)-4-(cyclohexenyl-1) buten-1-yne-3 (X)

B.p. 134-135° (1 mm), df' 1.023, nf} 15555, MRp 72.21. CygHyOF 5. . Cale. 70.21,

Found %: C 83.45, 83.54; H 9.72, 9.60; OH 17.31, 7.35, CjgHpp0. Calculated %: C 83.49; H 9.57;
OH 7.39.

Oxidation, 940 mI of 3% potassium permanganate solution was added slowly, drop-wise, in the course of
6 hours, t0 8.8 g of hy (X) fn 100 m1 H,O. Further analysis of the
oxidation products was performed as in the preceding cases of oxidation. We obtained 4 g of neutral substances
from which we separated a fraction, b.p. 140-150°, which gave a semi m.p. 165-166°,
1o that of cyclohexanone (mixture test).

In the volatile acid distillate we detected only formic acid (calomel test), which consumed 34 ml
1 N KOH solution for neutralization, which corresponded to 0,16 g of formic acid. From the non-volatile acids,
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we isolated 0.5 g of oxalic acid, m,p. 101-102° (mixture test) and 2 g of adipic acid, m.p. 150-151° (mixture
test).

Thus, oxidation of 2-(1-hydroxycyclohexyl)-4=( cyclohexenyl-1)buten-1-yne-3 (X) yielded cyclohexanone
and formic, oxalic, and adipic acids.

Hydrogenation, 11,3 g (X) in 75 ml of anhydrous methanol
was hydrogenated over plannum oxide in the course of 8 hours, 5,250 liters of hydrogen (20°, 689.4 mm) in-
stead of the calculated 5,208 liters (4 moles). After the methanol was driven off, the hydrogenated product
was vacuum-distilled and we isolated 8.7 g of a substance which was 2-(1-hydroxycyclohexyl)-4-cyclohexyl-
butane (XIII):

B.p. 148-149° (3 mm), d 0,9661, nf3 1.5030, MRp 72.83. CygHgeO. Calc, 73.2.

Found %: C 80,46, 80,52; H 12,53, 12.49; OH 7.80, 7.21, CysHgO. Calculated %: C 80.67; H 12.60;
OH 17.13,

Analysis of 2-(1-hydroxycyclohexyl)-4-(cyclohexenyl-1)butyn-3-01-2 (XI)

Found %: C 7T1.45, 71.41; H 9.59, 9.50; OH 13,73, 13,81, CyellpO;. Calculated %: C 77.41; H 9.68;
OH 13.71.

Hydrogenation. 1.7 g of hydroxycyclohexyleyclohexenylbutynol (XI) in 25 ml of anhydrous methanol
was hydrogenated over platinum oxide in the course of 8 hours. 570 ml of hydrogen (27°, 685.4 mm) was ab~
sorbed (561:1 m1 calculated on the basis of 3 moles). After the methanol was driven off, 2-(1-hydroxycyclo-
hexyl)-4-cyclohexylbutanol-2 (XII) formed, was recrystallized from benzene and melted at 106-10%",

Found %: C 79.43, 79.32; H 11,69, 11.76; OH 13.41, 13,22, CygHy0,. Calculated %: C 79.53; H11.81;
OH 183,39,

SUMMARY

1. D ion of y h diol-2,5 (1) goes in two directions: wil
formation of an_a-glycol ~ 1 )-hexen-1 1-5 (1I), and a dienynic carbin-
ol = hyl ien-1,5-yne-3 (IIf). In presence of sulfuric acid or of potassium
bisulfate the main reaction product is the dienynic carbinol, while with p-toluenesuifonic acid both products
are obtained in nearly equal quantities.

2. Hydrogenation of the a-glycol, hyl-5-(1 1 )-hexen-1 (1, over
platinum and palladium catalysts slows down abruptly after absorption of 2 moles hydtogen. An ethylenic
glycol, hyl-51-h 1-5 (V) is obtained, which in acetic acid solution in
presence of platinum catalyst is to hyl-5-(1 5(VI).

3 hyl-5-(1 hexanol-5 (VI).does not undergo the pinacoline rearrangement
under the action of 20% sulfuric acid but is dehydrated to a dienic hydrocarbon, apparently 2-methyl-5-( cyclo-
hexenyl-1)-hexene-4 (VILI).

4. Dehydration of 2,4-di~(1- hydroxycyclohexyl) butyn-3-0l-2 (IX) with 5, 10, 20, or 30% sulfuric acid
or with potassium bisulfate is ic acid it with formation
principally of a dienynic glycol = 2-(1- hydmxycyclohexyl) -4 (cyclohexenyl 1)-buten-1-yne-3 (X), while the
yield of a-glycol, 2-(1 )-4-( 2 (XI), is insigni
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THE MECHANISM OF DEHYDRATION OF y-GLYCOLS

1L STUDY OF THE DEHYDRATION OF 2,5-DIMETHYLHEXANED 10L - 2,§;4#METHYLHEXANEDIOL <"
AND 4-METHYLOCTANEDIOL-1,4

T. A. Favorskaya and N. P. Ryzhova

It has been shown by one of us and O, V. Serglevskaya 1] that the primary product of dehydration of
2 2,5 is an alcohol, 2 1-5, which then to 2,2-di-
methyltetrahydrofuran,

In the present work we that also other primary-tertiary y-glycols aliphatic radicals
- 1,4(1) and 1,4(IV) - are by the same as that
for the ditertiary y-glycol, 2,5-dimethylhexanediol-2,5 (VID).

H, Hy L, &
» a 03 T

-CHy—COH—CHy—CH~CH,0H —> 1\-CiHy—C=CH—CH,—CH.OH —> CH:—CHy,

CH;—CHy—COH—CH;—CH,~CH,OH —» CH,—CH,—C=CH—CH~CH,0H —> cu._cu/,c

H
Hy He ) Nacity

aw 34 n O
CHy—COH—CHy—CH,—COH—CH, — CHy—C=CH—CH—COH—CH, —> CH—CH:

&, 3 [P N é(c“‘
wvm i cn,” oo

Distillation of these glycols with sulfuric acid solution (pH 1.6) gave the unsaturated alcohols: 4-methyl-
1 ; 1-1 (V) and 2,5 1-2 (VI at

pressures with a trace of sulfuric acid results in to the
2,2 (1m, 2, hyl (VD), and 2,2,4,4-tetramethyltetra-
hydrofuran (IX). )

In addition, the t:lflahydlolllﬂn derivatives (1) and (VI) are obtained on distillation of glycols(I) and
(IV) with-HyS0, (pH 1.6) together with alcohols (II) and (V), which conclusively shows that unsaturated B -ethyl-
enic alcohols are indeed the primary products of dehydration of the types of y-glycols of the aliphatic series
under investigation.

‘The structure of alcohol (V), obtained for the first time, and of its corresponding tetrahydrofuran de-
rivatives (VI) was proved by oxidation with potassium in the first case ketone and
acrylic acid were obtained; in the second case y-methyl-y -hydroxycaprylolactone:

Hy— CH,
i T /‘ CHy
0 ¢ 3
\ p /™ CHyj= CHy~CHy—GHy
Y
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EXPERIMENTAL

Synthesis of 2,5-dimethylhexanediol-2,5 (VII). This glycol was prepared by the reaction of ethylmagne-

sium bromide with the ethyl ester of succinic acid, After decomposition of the organomagnesium complex,
extraction, drying, and driving off the ether, crystals of the glycol came down, m.p. 87-88" the literature data
[2] give: m.p. 88.5-89°, The aqueous solution, obtained upon decomposition, was extracted in an extractor.
The total yield of the glycol was 34,5%.

Preparation of 2,5-dimethylhexen-4-0l-2 (VIII). 6.6 g of the glycol was placed in.a Wurtz flask with a

solution of sulfuric acid (pH 1.6). The product d KMnO, solution. Yield
2.4 g (42%).

B.p. 68.5-64° (15 mm), d¥ 0,8489, ng 1.4438, MRy, 40.46; calc. 40.20.
Found %: C 75.05; H 12.60; OH 18.41, CgHys0. Calculated %: C 75.00; H 12.50; OH 18,29,

Literature data [3] give: b.p. 165-166°,

Upon distillation with a drop of concentrated sulfuric acid, the unsaturated alcohol (VII) converted to
tetrahydrofuran (IX). Yield 44%,

115.5-116.5°, d¥' 0.8089, nf) 1.4014, MRy, 38.44; calc. 38.57.
Found %: C 74.83; H12.76; G4Hyc0. Calculated %:  C 75.00; H 12,50;
Literature data [2] give: b.p. 116-117% d’ 0.8113.

Synthesis of 4-methylhexanediol-1,4 (I) was carried out by the reaction of ethylmagnesium bromide with
acetopropyl alcohol. After the usual treatment, the compound was vacuum-distilled. Yield 33%.

B.p. 118-119° (8 mm), n) 1.4571.
Literature data [4] give: b.p. 139-140° (22 mm), n) 1.4575.

The prepared glycol was distilled with sulfuric acid (pH 1.6). After vacuum-~distillation of the, reaction
products, we obtained two fractions: .

1st, b.p. 27-28° (14 mm), nf} 1.4204; 2nd, b,p. 75.5-76° (12 mm), d§’ 0.8617, nf} 14495, MRy, 35.52;
calc. 35.58. .

Found %: C 73.52; H 12.45; OH.14.88. C;HyO. Calculated %: C 73.68; H 12.28; OH 14.91.
Literature data [4] give: 'b.p. 169:170%, dj’ 0.8610, n] 1.4510,

The It fraction cotresponded to the- oxide 11, yield 17%; the 2nd corresponded to alcohol (I, yield 15%.
Upon distillation of alcohol (11) with a drop of concentrated sulfuric acid, it converted to tetrahydrofuran (I1D),
yield 65%,

B.p. 121-122°, d% 0.8553, o5 1.4196, MRy, 33.70; calc. 33.85.
Found %: - C 73,56; H12.39, C;HyO. Calculated %:  C 73,68; H 12,28,
Literature data [4] give: b.p, 119-121%, d% 0.8593, n 1.4230.

4-Methyloctanediol-1,4 . was prepared by reaction of butylmagnesium bromide with acetopropyl alcohol.
After ition of the ium complex, extraction, drying and i we obtained
a 30% yleld of glycol, based on the reacted.acetopropyl alcohol; 20% was retumed.

B.p. 144-145° (15 mm), df’ 0.9158, nff 1.4573, MRy, 46.5; calc. 46,81,
Found %: C 67.62; H 12.47; OH 21.31. GyHpO,. Calculated %: . C 67.50; H 12,50; OH 21,19,
Literature data [5] give: b.p, 119° (3.5 mm), d* 0.9389, nf} 1,4587.

Upon vacuum-distillation of the products obtained upon distillation of glycol (IV) with sulfuric acid
TpH 1.6), we separated two fractions: 1st y-oxide (VI), yield 32.5% and 2nd, alcohol (V), yield 24.58%.
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Alcohol (V): b.p. 99.5-100° (17 mm), d’ 0.8524, nf 1.4524, MR}, 44.97; calc. 44,82,

Found%: C 76.19; H 12.75; OH 11,81, GyHy,O. Calculated %: C 76.06; H 12.68; OH 11.97.

Oxide (VI): b.p. 55-56° (10 mm), df’ 0.8507, nf) 1.4300, MRy, 43.12; calc, 43,09,

Found %: C 76.21; H 12,76, CgHy,0. Calculated %: C 76.06; H 12,68,

Literature data [6] give: b.p. 168-169°, df’ 0.8570, nf 1.4298.

Alcohol (V) was distilled at atmospheric pressure with a drop of concentrated sulfuric acid. The boiling
point of the propared oxide (V) was 164.5-165.5°, ) 1.4301,

Oxidation of 2,2-methyl-n-butyltetrahydrofuran (VD). 9.5 g of KMnO, was needed to oxidize 6 g of
tetrahydrofuran, Oxidation was carried out a firs with a 1% KMnOg solution and then the salt was added in the
form of a finely ground powder. Oxidation was continued for 7 days. There were no neutral oxtdation products.
The obtained solution of salts was steamed dow, acidified with sulfuric acid and extracied with ether, The
predict obtained was vacuum-distiited,

B.p. 113-114° (14 mm), equiv. 157.7. GyHO;. Calculated equiv. 156,

The iactone (X) obtained, was dissolved in ammenia with heating over a water batk, the excess of am-
monia was removed by e and a d solution of the quantity of silver nitrate salt
was added to the solution; a snow-white precipitate of the silver sait came down,

Found %: Ag 38.02. CgHyOpAg. Cilculated %: Ag 38.43.

Oxidation of 4-methylocten-3-ol-1 (V). 22.5'g of KMnO, was needed to oxidize 6 g of the alcohol, The

iseilied and the distillate was con-
al times by repeated distilla 3 f o {Hlate were collected in a solution
1 ine. The obtained 2,4-di of ketone was twice

recrysrallized from methy! alcohol. M.p. 103-104°,

Literature data [7] give: m.p. 106%,
Found %: N 20.22, CypH;eON,. Calculated %: N 20,00,

The obtained solution of salts was evaporated down, acidified with sulfuric acid and extracted with ether,
The product obtained was distilled at atmospheric pressure; the fraction that boiled at 144-147° (boiling point
of acrylic acid is 144°%) was collected,

Found equiv. 73.40. CgH;Op. Calculated equiv. 72.06.

A soluticn of the calculated quantity of AgNO, was added to the solution of the potassium salt of acrylic
acid which was obtained upon titration.

Found %: Ag 60.19.. CgtlyOpAg. Calculated %: Ag 60.34.

SUMMARY

1. A study was made of the fon of 2,5 i01-2,5; 4 f0i-1,4 and
4-methyloctanediol-1,4, :

2. It was established that in all these cases the primary products of dehydration of the glycols are
B-ethylenic alcohols which then isomerize to tetrahydrofuran derivatives,

3. It was ished that this ism of fon is general for primary~tertiary y-glycols of
the aliphatic series.

4. It is also highly probable that this dehydration mechanism is also general for ditertiary y-glycols of
the aliphatic series,

5. The alcohol, 4 1, was prepared for the first time and its structure
elucidated.
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THE CHLORINATION OF KET ENE

Received April 8, 1955 Leningrad State Universicy
B.A. Porai-Koshits, L.§. Efros and K.Yu. Maryanovskaya

*T.p. = C.B. Translation pagination.

Although the literature contains some indications [1,2] to the effect that reaction of ketene with chlorine
proceeds very smoothly with formation of chloroacetyl chloride as the sole reaction product, these indications are
obviously not adequately supported by experiment since nobody has hitherto undertaken a close study of this re-
action,

Our preliminary exploratory experiments showed that reaction of ketene with chlorine proceeds at high
velocity and is srongly exothermic; we therefore conducted this reaction by mixing 97-98% gaseous ketene with
an equimolar amount of chlorine inside a vertical bulb-type water condenser attached to a flask. Reaction was
fnstantaneous when the gases were mixed and the resultant products condensed and ran down into the flask. On
distillation, a product boiling at 51-52.5° was collected, which proved to be acetyl chloride, apart from a main
fraction with b.p. 103-105° ( the boiling point of chloroacetyl chloride is 103-104). Initially we attributed the
formation of acetyl chloride to traces of water which might have been present in the chlorine; we therefore care~
fully dried the latter, but the amount of acety! chloride formed was not reduced. It was then decided to make a
study of the composition of the main fraction of reaction products which previous investigators had assumed to be
pure chloroacetyl chloride. Due to the closeness of the boiling points of the chlorides of mono-,di- and trichloro~
acetic acids, this study could only be undertaken by analytical methods. Dichloroacetic acid was determined af -
ter alkaline hydrolysis in the form of oxalic acid [3]; acid by to and
carbon dioxide [4], and chloroacetic acid by difference. The accuracy of this method of analysis, perfected with
artificial mixtures, was checked by determination of the total consent of chlorine, and also several times by con-
version of the mixture of chlorides of chloroacetic acids to their methyl esters which are readily fractionated in
2 column of medium effictency (20-30 theoretical plates) .

In all these experiments it was found that the fraction of product distilling at 103-105° contained, apart
from. chloride, amounts of chloride, but no chloride. De-
pending upon the ratio of chlorine to ketene, the amount of dichloreacetyl chioride ranged from 15 to 50%. It is
also important to note that the molar amount of acetyl chloride formed during the reaction was always slightly
lower than thie amount of dichloroacetyl chloride, This indicated partial separation of hydrochlaric acid, ‘We sub-~
sequently confirmed the formation of the latter directly by a large-scale experiment. In this way we established
that chlorination of ketene not only leads to formation of the product of the addition of chlorine — chloroacetyl
chloride = but the latter {s invariably by chloride. The hy acid formed in
this process in part reacts with ketene to form acetyl chloride.

It was still not clear, however, how dichloroacetyl chloride was formed, At the outset it might be thought
that it is the result of subsequent chlorination: of the product of primary reaction ~ chloroacety] chloride.  Accord-
ngly, we tried to minimize the formation. of this substance by shorvening the period of contact of the reaction
product with chlorine by lowering the temperature and diminishing the amount of chlorine to 0.5 mole per mole
of ketene. Even under these conditions, however, the reaction product contained not less than.12-15% dichloro-
acetyl chloride. We thereupon decided to the of chloride. It was found that
in the absence. of catalysts, the reaction does not proceed even with prolonged introduction of chlorine into boil-
ing chloroacetyl chloride. As catalysts we employed sulfur foding, "wiple
catalyst” ( mixture of iodine, de and red and iron filings. In all the experiments,
with fairly prolonged action of chlorine on chloroacetyl chloride both in the cold. and with heating, no {ncrease
fn Weight of the reaction mass was observed. Chlorination therefore did not take place. Only when using pyridine
as catalyst was a new product, botling at 106-112°, obtained. Analysis showed it to contain 30% of the original




chloroacetyl chloride, about 5% dichloroacetyl chloride, and about 65% trichloroacetyl chloride, This clearly
demonstrates that in presence of pyridine dichloroacetyl chloride reacts with chlorine with greater facility than
does the original chloroacetyl chloride.

As was said above, trichloroacetyl chloride is absent from the products of chlorination of ketene. This cir-
cumstance, as also the inability of chloroacetyl chloride to be chlorinated in the absence of a catalyst, leads us
to think that in the chlorination of ketene, dichloroacetyl chloride is formed not from chloroacetyl chloride but
by another mechanism. It might be thought, however, that when this reaction is carried out in the gas phase a
high temperature would be developed at the place of contact of the substances with consequent change of the
ratio and reactivity of the products; in later experiments we therefore used an inert solvent ( nitrobenzene and
pure chloroacetyl chloride) with strict control of the temperature. In these experiments, performed at -18 to
+105°, dichloroacetyl chloride was obtained together with chloroacetyl chloride at all the temperatures in this
range. The amount of dichloroacetyl chloride in the product ranged from 15 to 50% depending upon the molar
ratio of ketene to chlorine taken into reaction. The maximum yield of dichloroacetyl chloride was obtained
when this ratio was 1:2, and the lowest yield was obtained when chlorine was passed into excess of ketene dis-
solved in chloroacetyl chloride. It should be mentioned that in the latter case the total yield of products of the
Ketene reaction was very small since ketene polymerizes fairly rapidly.

The experiments demonstrate, in our opinion, that under our selected conditions the ketene reacts not by
an fonic but by a radical mechanism. Indeed, if the converse were true, hydrochloric acid would have reacted
with ketene much more rapidly than chlorine, Formation of dichloroacetyl chloride, again, is not the result of
chiofination of chloroacetyl chloride but of some other substance formed  even if only wansiently) under con-
ditions of radical attack of Ketene by chlorine. This substance might be chloroketene, formation of wzhich was
assumed under the reaction conditions. Subsequently chloroketene might react with chlorine and add on two atoms
of chlorine at the double ethylenic bond. This side reaction proceeds in parallel with the main reaction of ad-
dition of chlorine to the doisble bond of ketene with formation of chloroacetyl chloride.

EXPERIMENTAL

Preparation of ketene. The ketene necessary for the work, was prepared in a special apparatus by pyrolysis
of acetone, The gases from pyrolysis together with acetone passed through a system of condensers in which the
main part of the acetone was separated out, Further, the mixture of gases passed into a condenser coil with a
temperature of -80° where ketene with the acetone residue was condensed and the uncondensed pyrolysis fumes
were discarded. The concentrated  50%) solution of ketene in acetone then flowed eveily into the vaporizer in
which the ketene was again evaporated down and separated from the acetone. The resulting ketene was gaseous
97-98%, with an admixture 1-2% of ethylene.

Reaction of ketene and chlorine in gaseous phase. The apparatus into which the gases were passed was a
spherical condenser with an extra sealed-in inner tube. The ketene passed into the condenser along the sealed-in
tube and the chlorine passed around it; the gases mixed in one of the bulbs in the cooling zone. The ketene
and chlorine were fed in equal streams with the aid of specially graduated theometers. The chlorine from the
cylinder was first dried, passing through two bottles containing sulfuric acid . The liquid which formed in the
reaction flowed down along the condenser into the flask. After the experiment, it was fractionated and fractions 1
were collected: 51-52.5° (acetyl chloride), 52.5-104° (intermediate) and 104-106°( main). The main fraction
was analyzed for content of chloro-, dichloro- and trichloroacetyl chlorides. The experimental results are given
in Table 1. .

Besides the experiments given in Table 1,-an experiment was undertaken using a 3-fold quantity of chlorine.
Inorder to increase the yield of dichloroacetyl chloride, we performed the experiment without cooling the re-
action zone with running water; thereupon, the témperature rose so high that at one time there was an explosion.
The total yield of products in this experiment was 32.5 g ( from 13.5 g of ketene and 69 g of chlorine), some-
what less than in the other experiments. - The dichloroacetyl chloride content of this product was 37%. A final

was performed ing the in the reaction zone; it was held in the interval 150-200°,
For this experiment it was necessary to dilute the chlorine with 3-4 volumes of nitrogen. From 14.2 g of Ketene
and 29 g of chlorine ( ratio 1:1.2), we obtained 40.1 g of product, which contained 24.8% of dichloroacetyl
chloride. - :

Reaction of ketene and chlorine in organic solvents. For solvents we used nitrobenzene and pure chioro-
acetyl chloride, prepared from chloroacetic acid and thionyl chloride. The experiments were performed in a
4-necked flask, fitted with condenser, stirrer, thermometer and two bubblers. The flask was externally cooled
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with ice and-salt or dry ice in kerosine. Ketene and chlorine in equimolecular quantities were passed {nto th-
cooled solvent with mechanical stirring. When the reaction was complete, the addition: in weight of the rear:
mass was determ ined and an analysis was performed for content of chloride aud k)
experimental results are given in Table 2.

TASLE 1

Exp. | Quantity | Quantity |Ratio of | Yield of |Yield upon.distillatic. of fraction [ Analytical results

No. | of ketene | of chlo~ | ketene to| product with b.p. (in g) for main fraction( %)
(ng) lrine(g) jehlotine 1 (8) | co o feo e toul0at08 |restaue | CRIOPO- | dichloro
(molesy ! acetyl | acetyl
|_chloride | chloride

L1 81.8 18.2
112 6 E 38. § 73.8 26.2
1:1.8 X 4.5 255
12 X R ' 62.0 88.0

Solvent Temper- Content of Qravntity
quantity | awure roacetyl chloride | of ketene
(ing) (in %) aved (%)
total recalcu-
laced om.
wilgh1

addition

24.0 Nitrobenzene 71.8 18.50 18,5
20.8 Chloroacetyl . 66.3 9.25 21.7
chloride
18.5 Ditte 58.1 10.40 24.8
17.0 " 58.0 15.00 25.8
13,0 » 51.2 5.04 14.7

it must be sioted that in. Experiment 1 ( Table 1), carried sut in niwobenzeve, a considerable portion of the
product could xor be distilled off from the witrsbeuzene, xud therefore, the following experiments were performed
in chloroacetyl chlodde.

Experiments 2 and 3 diffeted only in the temperature of carrying out the reaction. The data of Table 2
show that the covtent of dichlorcaceryl chloride was almost unchanged. In Expenq-nem 4, air was mixed with the
chlorine; in Experiment 5, all the ketene was first dissolved In chloroacetyl chloride and chlorine was then passed
inte this solution. ¥ is evident that in the last case there was the least dichloroacetyl chloride obtained. How-
ever, in this case considerahly smallex amounts of reaction products were obtained: distillation of the fraction
with b.p. 104-105° yielded about 100 g, i.e. almost the same quantity in which the solvent was taken for the re-
action. A large amount of solid residue remained in the flask.

Similar experimental results were obtained in those experiments in which additions of dinitrochlorobenzene,
chloranil, etc., were tested. for catalysis. These additions did pot apprec-
1ably affect the ratio in which the chloro- and dichloroacetyl chlorides were formed.

A series of experiments was also. carrted out 1 which ketene and chlorine were reacted in: bofling chloro=
acetyl chloride. A i) of this enlarged the conditions of which might serve as a basis for the
preparation of mixtures of acid chlorides and chloro~ and dichloroacetic acids and individual methyl esters of
these aclds, is given below,

200 g of a mixture of chloro- and chlorides (42.5% chloride) was powed into
a two-liter round-bottom flask fitted with two bubblers and a spherical reflux water condenser ( 20 balls). connected
10 a lowered condenser cofl (cobled. to ~50°), and an even stream of ketene { 65 g/hour) and chlorine (220 g/hour)
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were passed thraigh the set-up. The reaction mass in the flask started boiling almost immediately due to the
heat of reaction and then boiled evenly. The acetyl chloride which formed was almost completely carried out
of the flask together with the gaseous hydrogen chloride and condensed in the condenser coil. The liquid of the
flask and condenser was periodically combined. The experiment was completed after 14.5 hours, We obtained
2200 g of a mixture of chloro- and dichloroacetyl chlorides, which contained 45.7% dichloroacetyl chloride,
and in the distillate there was 267 g of acetyl chloride, which totaled 94%, based on the ketene used.

For conversion to methy] esters 625 g of anhydrous methyl alcohol was slowly poured into the above mix-
ture. The esters were washed with water and after drying with calcium chloride, they were fractionated in a
packed column (12 theoretical plates). We obtained 1050 g of the methyl ester of chloroacetic acid, b.p. 128-
130°, and 900 g of the methyl ester of dichloroacetic acid, b.p. 140-142°,

Chlorination of chloride in the presence of pyridine. 38.9 g of chloride was placed
in a 3-necked flask fitted with reflux condenser, bubbler and thermometer, and 1.1 g of pyridine was carefully
added; the product was heated to 75-80° and at this temperature chlorine was passed in at the rate of 90 ml/min-
ute. After 8.5 hours, when the addition in weight of the product was equal to 10 g, the passage of chlorine was
halted and the product (48.9 g) was distilled; it boiled at 106-112°. The analytical results for the product were:
31% chloride, 5.2% di chloride, and 65.4% trichloroacetyl chloride.

SUMMARY

1. Contrary to the literature data, the reaction of ketene with chlorine in the gas phase and in solvents
leads, rega-dless of the ratio of reactants, to formation of a mixture of chloroacetyl and dichloroacetyl chlorides.
Acetyl chloride is formed in small amount at the same time.

2. Reaction of ketene with chlorine may serve as a convenientpreparative method for obtaining mixtures
of chloro- and dichloroacetic acids.
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SYNTHESIS. AND INVESTIGATION OF 1,1<PI-a-NAPHTHYL-
-2-PHENYL-2-BROMOETHYLENE

A.M. Khaletsky and A.Ya&. Kaplan

In previous publications [1] we showed that bromination of unsaturated compounds proceeds in various
directiom depending upon the nature of the radicals and the substituting groups.

* Thus, for example, in , a(p- B ‘bromine substit=
utes the hydrogens of the aromatic mu:lc(. hm in the absence of mbuimm the bromine only replaces the hydro-
gen of the ethylenic grouping with formation of with the Me!
heimer [2).

Later, we established that the rule is followed when one phenyl is replacéd by a« or 8-naphthyl,
bromine substitutes the hydrogen of the ethylenic group.

It was of interest to elucidate the of of olefinic in presence of two
naphthyl radicals at one of the carbons, Apart from its theoretical value, mx- rucuonh of practical importance
since we know that some of possess and actlvity,
for example, tripl y etc. [3].

1,1-Di-a-naphthylphenylethylene is not described in the literature. The problem of the mechanism of its
bromination. could not therefore be solved before, We were interested, furthermore, in studying the relation be-
tween chemical structure and blological action of 1,1-di- a~naphthyl-2-phenyl-2-bromoethylene (III), which
could be determined by tests on mice,

It was thought that the synthesis could be most conventently performed, by analogy with the previous work

by reaction of benzyl magnesium chloride with di-a-naphthyl ketone followed by dehydration of the di-a<naph~
(I) and of the resultant 1,1-di-a-naphthyl-2-phenylethylene (1I) according to

the scheme:
Cuh = 0K = - Cuotty —52 €81y~ € = Cypty —n gty ~ g-cut
CH, H j:!r
J:lHl Celly
5 i) e

Apart from this, it was of interast to. the of direct of di~a=
-naphthylbenzylearbinol (I). It could be imagined that huhu absence of substituents in the aromatic rings the
hydrogen of the methylene group would. first be substituted with formation of hydrobromic acid capable of en-
tering into reactiost with the tertiary hydroxyl with formation of 1,1di-a-naphthyl-8=phenyl-1,3-dibromoethane
(IV). Detachment of hydrobromic acid in this system should be expected to lead to 1,1-di~ a-naphthyl-2-bromo=
-8-phenylethylene (I1):

10— ¢y, - oot - Cyity —1Ba cuﬂ.-fn-cmﬂ'-ﬂ- m
CHEr

L

(&)




The expariments confirmed the possibility of this mechanism; on bromination of di- a-naphthylbenzyl-
carbinol, 1,1-di-a-naphthyl-2-phenyl-2-bromcethylenc is actually formed.

Dehydration of di- a-naphthylbenzyl carbinol in presence of potassium bisulfate went with perfectly sat-
isfactory yields (84%) but the melting point of the resultant 1,1-di- a-naphthyl-2-phenylethylene proved ex-
tremely unsharp; melting started at 72° and was not quite complete at 180°, This may be attributed to the pre-
sence of traces of isomeric ketones in the di- a-naphthyl ketone, for example a,B-dinaphthyl or 8,8 -dinaphthyl
ketones. This question was not further studied.

For confirmation of the structure of dinaphthylphenylethylene (1I), the latter was oxidized with potassium
permanganate to forin di-a-naphthyl ketone and benzoic acid. The structure of the bromoethylene derivative
was also confirmed by oxidation with permanganate; in this case, apart from di-a-naphthyl ketone and benzoic
acid, potassium bromide was detected; the bromine content of the bromo derivative corresponded to 1,1-di-a-
-naphthyl-2-phenyl-2-bromoethylene.

Pharmacological investigations of 1,1-di- a-naphthyl-2-phenyl-2-bromoethylene, carried out by T.A.
Melnikova, showed that this compound possesses estrogenic activity.

EXPERIMENTAL

Synthesis of 1,1-di- binol. A solution of 25.2 g of benzyl chloride in 75 ml of ether
was added with stirring to 4.8 g of magnesium in 50 ml of ether in the presence of several iodine crystals. The
reaction was carried out at the boiling point of ether followed by heating for one hour. Then, at 0° a solution
of 14.1 g of di-a-naphthyl ketone in 400 ml of ether was added to the reaction mixture. The reaction went
vigorously, the mixture turned brown and then light green and yellow and a voluminous crystalline precipitate
came down. After addition of the ketone, the reaction mixture was heated for 2 hours on a water bath and was
set aside overnight. The product was decomposed with a saturated aqueous solution of ammonium chloride with
ice. After separation of the ethereal layer, the aqueous layer was extracted with ether, and the combined
sthereal extract was: dried over calcined sodium sulfate. After driving off the ether, the residue (38 g) was an
‘almost colorless oily liquid with the odor of dibenzyl and crystallized upon cooling. After separation, washing

with alcohol and recrystallization from alcohol, we obtained 4.1 g of colorless prismatic crystals, m.p. 160-162°;

we also obtained 1.02 g more from the mother - liqlor, Yield 26.5% with respect to the di-a-naphthyl ketone.

Found %: C 90.01, 89.55; H 6.10, 5.96; OH 4.47, 4.53; M 369, 377.9. Cagtipy0.
Calculated %: C 89.80; H5.92; OH 4.47; M 374.5.

On the basis of the experimental data the product melted at 160-162° and corresponded to di- a-naphthyl-
benzylcarbinol.

It must be noted that during the reaction of benzyl fum chloride with di- a-naphthyl ketone, besides
di-a-naphthylbenzylearbinol, benzy! alcohol and dibenzyl are also formed, i.e. hydrolysis of the benzyl magne -
stum  chloride takes place together with coupling of benzyl radicals due, evidently, to reduction reactions.
The latter factor affected the yield of tertiary carbinol (did not exceed 26.5%), and only when the organomag-
nesium synthesis was performed in a stream of nitrogen and when the reaction product ( carbinol) was kept in a
stream of CO,, did the yield of carbinol increase to 50%.

After naphthylbenzylcarbinol . was removed from the mother lisuct |, ethyl alcohol was driven off under
reduced pressure and 32 g of the oily liquid which remained was distilled twice. We obtained a fraction, b.p.
205-206.5° (762 mm), nf} 15390 , which corresponded to benzyl alcohol (Jiterature data [4] give: b.p. 205.5°,
np 1.5395) and a fraction that boiled at 108-111° (3 mm) which rapidly crystallized ( from alcohol); a test
mixture with dibenzyl gave no depression.

In ccnnection with the low yields of 1,1-di-a-naphthylbenzylcarbinol we carried out its synthesis in the
same manner as before, but in a nitrogen atmosphere. In this case the yield of di- a-naphthylbenzylcarbinol
reached 50%, The side products which we detected were dibenzyl and a resinous residue which was not further
investigated ( benzyl alcohol was not detected).

Dehydration of di- inol. 2 g of the compound, dissolved in 25 ml of benzene, was
heated for 1 hour on a water bath with 3 g of fused potassium bisulfate. After filtration, driving off the benzene
and recrystallization from alcohol, we obtained 1.16 g (84%) of slightly yellowish crystalline substance which
began to melt at 72° and converted to a rather cloudy liquid at 180°,
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Found G: C94.00, 94.29; H 5.49, 5.59; M 851.4, 360.2. Cagtlyy.
Calculated . C 94.38; H5.61; M 356,

0.5 g of the substance’ was dissolved in 5 ml of ether and was oxidized by being shaken for 6 hours with
400 ml of 2% potassium permanganate solution and 2 g of sodium bicarbonate. The manganese dioxide which
separated out was washed with hot water and extracted with hot alcohol. After a large portion of the alcohol
had been driven off, crystals separated out which after recrystallization from a mixture of alcohol and ether (1:1),
melted at 98-100° and gave no depression in a test mixture with known di-a-naphthyl ketone. After the man-
ganese dioxide was removed, the aqueous filtrate was concenuated and acidified with dilute sulfuric acid; at
this point a crystalline substance separated out which melted at 119.5-122° (from hot water) and gave no de-
pression in a test mixture with known benzoic acid. On the basis of the formation of di-a-naphthyl ketone and
benzoic acid upon oxidation, the structure of the compound was found to be that of 1,1-di-a-naphthyl-2-phenyl~
ethylene.

Bromination of 1,1-di-a-naphthyl -2-phenylethylene. 1.5 g of 1,1-di- a-naphthyl-2-phenylethylene was
mixed with 0.5 g of dioxane dibromide, dissolved in 15 ml of ether and washed with a 5% solution of sodium bi-
carbonate and water. After the ether was driven off under reduced pressure, the residue was a yellow transparent,
resinous substance which after 2-fold recrystallization from hot alcohol using activated carbon, melted at 142-
144°. We obtained 1.8 g (98%) of light yellow crystals which melted at 149-151° after recrystallization from an
alcohol-acetone mixture (1:1).

Found %: Br 18,08, 18.31 (according to Stepanov's method); M 400.6, 412.2. CagHigBr.
Calculated %: Br 18.39; M 435.

The analytical data to 1,1-di- a-naphthyl-2-phenyl

of di-a-naphthylbe binol. 0.5 g of dioxane dibromide was added to 1 g of di-a-naph-
thylbenzylcarbinol in 10 ml of ether and,after 30 minutes of heating on a water bath, the hydrogen bromide was
driven off. The ethereal solution was washed with soda sol ution, water and dried over calcined sodium sulfate.
After the ether was driven off, the yellow, resinous residue was recrystallized from alcohol, activated carbon
being used. After recrystallization from an alcohol -acetone ( 1:1) mixture, the crystalline product melted at
149.5-151° and gave no depression in a test mixture with previously prepared 1,1-di-a-naphthyl-2-phenyl-2-
~bromoethylene.

Found%: Br 18.10, 18.27 (according to Stepanov's method) ; CagHygBr.
Calculated: Br 18.39.

SUMMARY

1. The synthesis of di-a-nap zylcarbinol from benzyl fum chloride and di-a- naphthyl
ketone was studied; - benzyl alcohol and dibenzyl were formed fn addition to the carbinol. Performance of the
reaction in a nitrogen stream raised the yield of carbinol and suppressed formation of benzyl alcohol.

2. Di- a-naphthyl inol. was and 1,1-di-a -napl phenylethylenc was oltained.

3. It was established that bromine acts upon 1,1-di- a-naphthyl-2-phenyl -ethylene with replacement of the
hydrogen of the ethylene group and formation of 1,1-di-a-naphthyl-2-phenyl- 2-bromoethylene.

4. Tt was shown that 1,1-di- a-naphthyl-2-phenyl-2-bromoethylene can also be obtained by direct bromina~
of the bromination reaction vias evaluated.

tion of di-a-n the
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INVESTIGATION OF THE ACTION OF BROMINE UPON
1-PHENYL-1-a-(OR B-) -NAPHTHYL-2-METHYLETHYLENES

A.M. Khaletsky and A.Ya. Kaplan

Although numerous papers have been published on the fon of substituted ethylenes, it is
{n a serles of cases to predict the mechanism of the reaction. Thus, for example, in the bromination of 1-methyl-
“1-cyclohexyl-2-phenylethylene, two bromine atoms add on at the double bond [1); but on bromuation of 1,1-
~bis~4,4-di i 1-2 bromine does not add on, bromine substitution taking place at
e hydrogens of the aromatic nuclei containing the substituents [2]. In the latter case an {mportant part is un-
doubtedly played by electronegative groups capable of displacement of electrons and stabilization of hydrogen at
the ethylenic bond. This interpretation is supported by the fact that wriphenylbromoethylene is readily formed when
bromine acts upon diphenylbenzyl carbinol [3].

The biological action (upon Mice ) of bromoethylenes varies considerably with the position of the halogen;
whereas triphenylbromoethylene manifests estrogenic activity in doses of 20 , p-bromophenyldiphenylethylene is
completely inactive even in doses of over 5000 7. The cause of the wide variation in biologleal activity is un-
Known, but it must be associated with the chemical structure and the position of the halogen, since the estogenic
activity of wriphenylbromoethylene drops 50 times when only one hydrogen of the aromatic nucleus is substituted by
bromine [4].

The biological activity of bromoethylenes containing naphhyl radicals has not previously been studiad. with
‘his objective, we synthesized several of thelr derivatives, including 1-phenyl-1-a-naphthyl- and 1-phenyl-1-6-

p hy The were ized from 1-phenyl-1-a-(or 8-)naphthyl-
_9-methylethylenes; the latter were obtained by dehydration of the comesponding carbinols = 1-phenyl-1-a-(or B-)~
-naphthylpropanals-1. Concerning the nitial isomeric carbinols, these were likewise prepared by us for the first
time by the action of ethyl magnesium bromide on phenyl-a~( or8 -)naphthyl ketones. The properties of the car-
binols are characteristic: viscous liquids which crystallize with difffculty. Thus, for example, 1-phenyl-1-a-naph-
thylpropanol-1 crystallized only after 2 years, while its 8-isomer has remained liquid to this day.

of 1-phenyl-1 -1 in presence of potassium bisulfate gave 1-phenyl-1-a-
-naphthyl-2-methyle thylene, m.p. 69-71", For confirmation of the sucture it was oxidized with lead tetraacetate
in & medium of glacial acetic acid; among the volatile products was detected acetaldehyde in the form of its 2,4-
dinitrophenylhydrazone with m.p. 147°. After the acetaldehyde had been distilled off, phenyl-a-naphthyl ketone
was detocted in the residue, likewise in the form of its 2,4-dinitrophenylhydrazone with m.p. 118-121 1t did not
give a depression of melting point with an authentic specimen. The phenyl-a-naphthyl ketone resulting from the
oxidation of phenyl-a -naphthyl ketone later crystallized. From the study of the products of oxidation we can con-
clude that dehy of phenyl-a-napl 1 gives phenyl-a-naphthyl-2-methylethylene (1).

Bromination of (1) with the help of dioxane dibromide gave a substance with m.p. 92-94° whose bromine
content and molecular weight corresponded to 1-phenyl-2- a-naphthyl-2-methyl-2-bromoethylens (1I). For con-
fomation of the structure and, in particular, of the position of the bromine, the product was oxidized with potassium
permanganate; acetaldeliyde was Identified in the form of its 2,4-dinirrophenylhydrazone; phenyl-a-naphthyl
Ketone amd potassium bromide were also found:

Cells
>c =CBr — CH;,

e Cats
>CH0H—CH,—CH, - “Sc=CH-CHy >
a-CygHy a-CygH] a-CyHly
[¢%) (I
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The isoineric 1-phenyl-1-8 -nphihylpropanol-1 was synthesized, as mentioned above, from phenyl-B8-
~naphthyl ketone and ethyl magnesium bromide. Dehydration of the carbinol in presence of potassium bisulfate
gave a hydrocarbon with m.p. 106.5-107" which on oxidation yiclded acetaldehyde ( as the 2,4-dinitrophenyl-
hydrazone) and phenyl-5 -naphthyl ketone with m.p. 81-82°. On the basis of the data obtained, the hydrocarbon
corresponds to the structure of 1-phenyl-1-8 -naphthyl-2-methylethylene (Ia). Bromination of the latter with
dibromopyridine in a medium of glacial acetic acid gave a substance whose bromine content and molecular
weight corresponded to the formula CygHyeBry; oxidation with potassium permanganate gave phenyl-B -naphthyl
ketone, potassium bromide and acetaldehyde (as the 2,4-dinitrophenylhydrazone). The data indjzate that the
dibromide has the structure of 1,2-dit 1-phenyl-1-8 (I

CoHs CoHs
Sc=cH-cHy > “CBr ~ CHBr — CH.
B-CyoHy B-CygHi

(1a) [¢:1))

of 1-phenyl-1-8 panol-1 with dioxane dibromide in a medium of glacial acetic
acid likewise gave a dibromide CygHygBr, identical with that prevlously obtained from 1-phenyl-1- -naphthyl-
ylene; the following ism is therefore propose

OH OH
CeHs CoHls_ | 5 Colls

| 5, H
\c CH, — CHy —Bn )c = CHBr — CHy ——> _CBr —~CHBr — CHj.

B- CmH7 B-CyoH7 B-CyoHy

Pharmacological tests on mice of 1-phenyl-1-a-naphthyl-2-b and 1,2-dib 1-
-phenyl-1-8 -naphthylpropane showed that whareas the monobromo compound possesses estrogenic activity, the
dibromo derivative of 1-phenyl-1-B-naphthylpropane has a very low activity. This observation once again em-
phasizes the importance of the bromine at the double bond for the synthesis of estrogens.

We take ihis of thanking T.A. Melnikova for carrying out the biological experiments.

EXPERIMENTAL

1 ion of 1-phenyl-1-a-naphthylpropancl-1. At 0° a solution of 25 g of phenyl-a-naphthyl ketone
in 75 ml of ether was added to the ethyl magnesium bromide that was prepared from 7.2 g of magnesium and
32,4 g of ethyl bromide in 150 ml of ether. After the ketone was added, the reaction mixture vas heated with
slining for1 hour to the boiling point of ether. In order to decompose the organomagnesium complex, the latter
was gradually added to an aqueous solution of ammonium chloride with ice,and gases evolved which were not
investigated further ( evidently, butane). After the ethereal layer was separated, the aqueous layer was extracted
three times with ether and the combined ethereal extracts were washed with water. The ether was driven off.
We obtained 29.1 g of a light yellow, transparent, strongly light-refractive, viscous liquid which distilled at
162-186° (1 mm) and which upon reaction with concentrated sulfuric acid turned a violet color which disappeared
upon dilution with water. The residue was & dark brown resin which congealed upon cooling. Upon'a repeated
distillation, the liquid fraction boiled at 162-186° (1 mm), d 1.1255, n 1.6139.

Found %: C 86.61, 86.88; H6.83, 6.87; OH (according to Chugaev-Tserivitinov) 5.86, 6.02; M 273.5.
CyHyO. Calculated %: C 87.02; H 6.87; OH6.48. M 262,37,

After separation of the 1-phenyl-1- a-naphthylpropanol-1, the residue was a dark brown transparent solid
mass, easily rubbed to powder and readily soluble in ether, benzene, acetone and hot alcohol. Upon cooling
the alcoholic solution, bright orange flakes separated out which,upon being washed with alcohol and dricd in a
vacuum-desiccator, melted at 67-88°. Attempts to purify the substanceby multiple -recrystallizations from al-
cohol using activated carbon did not change the melting point; with concentrated sulfuric acid the compound
turned cherry-red.

Found: M 353.3, 376.2. CygHy,. Calculated: M 488,

Tt is possible that the product was the partially impure dimer of 1-phenyl-1-a-naphthyl-2-mathylethylene,
molecular weight 488.
460
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2._1-Phenyl-1-a-naphthyl-2-methylethylene (I). 20 g of phenyl-a-naphthylethylcarbinol - was heated
with 20 g of fused potassium bisulfate and 100 ml of benzene for 2.5 hours at the boiling point of the latter.
After separation from potassium bisulfate and elimination of benzene, the filtrate was distilled at 141-151°
(2 mm); we obtained 12.8 g of substance and about 7 g of residue. After a second distillation, the fraction
(141-151°, 2 mm) boiled at 144-151° (2 mm); it was an almost colorless ofly liquid which gave a blood-red
coloration with sulfuric acid. When mixed with an equal volume of alcohol or petroleum ether, fine white
crystals separated out which after 2 recrystallizations from 80% alcohol in the presence of activated carbon,
melted at 72-73" and were lustrous tetragonal prisms. Yield 6.8 g (37%).

€93.82,93.71; H6.90, 6.82; M 257.09, 238.22.
CyoHys. Calculated %: C 93.47; H 6.56; M 244.32.

After fon of 1-phenyl-1-a-naphthyl the residue was a solid, transparent, dark~
brown mass which was readily rubbed into powder. It was soluble in acetone, benzene, chloroform, petroleum
and ethyl ethers and also in hot alcohol. Upon cooling the alcoholic solution, an orange, flaky precipitate sepa-
rated out which melted at 67-88", When it was mixed with an equal amount of the residue obtained after sepa~
ration of 1-phenyl-1-a-naphthylpropanol-1, it gave no melting point depression ( 67-88%; with

sulfuric actd it gave a cherry-red coloration, Evidently, these residues were identical and were dimers of 1-
-phenyl-1- a-naphthyl -2-methylethylene.

Oxidation of 1-phenyl-1-a-naphthyl-2-methyleshylene. A mixture of 4.2 g of the substance, 10 ml of
glacial acetic acid and 5 g of lead tetraacetate was heated to 60° until complete solution and then a 30% potash
solution was added to this solution. The gas which evolved was passed into a solution of 2,4-dinitrophenylhydra-
zine to bind the acetaldehyde, After neutralization, the contents of the flask were extracted with benzene, the
benzene extract was washed with water and dried over calcined sodium sulfate, After the benzene was driven
off, 2 drops of concentrated sulfuric acid was added to the residue : so  that in case of formation of phenyl-
- a-naphthylpropylene glycol, the latter would be dehydrated to the oxtde of phenyl-a-naphihylmethylethylene
which to aldehyde by the reaction:

Celte CHCH Cetls, \? Kuso, ot
_t., N - CHy=—
Je=cu- cH, {CHCO0) P, ¢ - CHoR -ty QogH-ci= C5H5

a-CyHf a-CyHy a-CyhHy a-CyoHy”

However, after addition of sulfurlc acid, there was an odor of acetic acld and after neutralization of the
solution with soda, with ferric chloride it turned red, indicating the presence of acetate-ion, Thus, the oxidation
product of phenyl-a-naphthyl -2-methylethylene was not glycol, but evidently the diacetate of 1-phenyl-1-a-
-naphthyl-2-methylethylene glycol. 4.2 g of the latter was bofled with 25 ml of 1 N alcoholic KOH salution
for 30 minutes and after cooling, the unreacted alkali was titrated with 0.1 N HCI solution in the presence of
phenolphthaletn; 0.7 ml of HCL was d which to the amount for
the diacetate of 1-phenyl-1-a-naphthyl-2-methylethylene glycal.

After filtration, the hydrolysis product was boiled with activated carbon. After the alcohol was driven. off
in vacuum, however, the filrate did not crystallize and,therefore, 2.5 g of i1s residue mixed with 20 ml of gla~-
clal acetic acld was oxidized with 5 g of lead tetraacetate in the same manner as previously; the carbon dioxide
which evalved displaced the acetaldehyde which was passed into a solution of 2,4-dinitrophenylhydrazine. The
Yellow precipitate that formed was recrystallized from alcohol and melted.at 147", not giving 2 depression in
mixture with known 2, of

After the acetic acid was neutralized with potash, the contents of the flask were extracted. with ether. Af-
ter washing with water, drying over calcined sodium sulfate and driving off the ether, the residue was & thick,
oily lquid. which after betng boiled with alcohol, 4id ot yleld phenyl- a~naphthyl ketone, but upon sddition of
an:alcoholic solution of 2,4-dintrophenylhydrazine, it ylelded a yellowish-red.crystalline precipitate which af-
ter recrystallization from alcohol, melted at 118-121°, A test mixture with the known.2,4-dinitrophenylhydrazone
of phenyl-a~naphthyl ketone (mm,p, 121-122°) gave no depression, It must be noted.that in parallel experiments,
after two weeks, the alceholic solution ylelded crystals which after recrystallization. from alcohol, melted st
73-75* and gave no-depression, in & test mixture with known phenyl- a-mp!uhyl ketone, i.e. the direct formation
of the latter upon. oxidation of the hydrocarbon was shown.
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3. 1-Phenyl-1- d-naphthyl -2-methyl-2-bromoethylene (1I). 6.3 g of dioxane dibromide was added with
continuous stirring t0 5.9 g of phenyl- a-naphthy The initial fon gradually halted
and hydrogen bromide was evolved: The reaction mixture was heated for 15 minutes at 75-80°, treated with 5%
sodium bicarbonate solution and washed with water until it gave a neutral reaction, extracted with ether and
dried over calcined sodium sulfate. After removal of the ether, the compound was distilled at 240-252° (10 mm)
it was a viscous, oily liquid which crystallized after 3 days. Upon contact with concentrated sulfuric acid it gave
a blood-red coloration. After washing with petroleum ether and recrystallization from 80% alcohol, we obtained
5.8 of substance which crystallized in the form of lustrous ncedlelike crystals, m.p. 92-94°,

Found : Br (according to Stepanov) 24.20; M 303.2, 323.22.
CyoHysBr, Calculated %: Br 24,72; M 323,22,

Oxidation of 1-phenyl-1 p A mixture of 4.85 g of the compound,
10 ml of ethyl ether, 316 ml of 1%potassium permanganate solution and 2 g of soda was shaken for 6 hours and
the reaction mixture as then set aside overnight. The colorless solution was separated from the manganese di-
oxide and after washing with hot water and drying, the manganese dioxide was extracted with hot alcohol, Upon
cooling the alcoholic solution, a white precipitate separated out which melted at 13-74.5° after recrystallization
from alcohol and gave no melting point depression in a test mixture with phenyl-a-naphthyl ketone. After sep-
aration from the manganese dioxide, the aqueous filtrate was concentrated to low bulk, neutralized with niric
acid (in the presence of phenolphthalein) and after being boiled, was filtered into a 100 ml volumetric flask.
After dilution to the mark in aliquot parts of the given solution, the potassium bromide was determined ( accord-
ing to Volhard), and the potassium acetate was titrated with 0.05 N hydrochloric acid solution in the presence
of methyl orange.

Found g: CHyCOOK 0,1450; KBr 0,5865.
Calculated g: CHyCOOK 0.1471; KBr 0.5871,

4. Preparation of 1-phenyl-1-8 1. At-12°, a solution of 15 g of phenyl-5 -naphthyl
ketone in 75 ml of ether was added in the course of 3 houss to the ethylmagnesium bromide prepared from 4.8 g
of manganese filings and 21.6 g of ethyl Lromide in 75 ml of ether and the reaction mixture was then heated for
2 hours on a water bath and set aside overnight. Upon decomposition with a saturated aqueous solution of am-
monium chloride with ice, gaseous products evolved. After separation of the ethereal layer and treatment as
described for the synchesis of 1-phenyl-1-a -naphehylpropanol-1, we obtained about 40 g of thick yellow oily
liquid which decomposed at 213° (2 mm). Only after 2 years of standing did the liquid crystallize and upon re~
crystallization from alcohol, it melted at 115-116". The product was soluble in benzene, acetone, petroleur
ether, difficultly soluble in alcohol in the cold and more readily soluble with heating.

Found %: - C 86.64, 86.91; H 6.84, 6.87; OH (according to Chugaev-Tserivitinov) 6.41,6.30.

M 275.1, 271.0.
CyoH1g0. Calculated %: C'87.02 H 6.8; OH 6.48; M 262,37,

5._1-Phenyl~1-8 -naphthyl (1a). 13 g of 1-phenyl-1-B -naphthylpropanol -1 was heated
for 1 hour with 6.5 g of fused potassium bisulfate; at 110-120° water separated out. When heating was completed,
the substance was dissolved in petroleum ether, the solution was filtered off and after a portion of the solvent
had been driven off, crystallization took place. After two recrystallizations from an alcohol ~acetone mixture
(8:1), e isolated 4.8 g of substance, m.p. 106.5-107°,

Found %: C 93.57, 93.40; H 6.81, 6.56; M 260,00, 258.66.
CyHyg.  Calculated %: C 93,4 H 6.56; M 244,32,
Oxidation of 1-phenyl-1-8 -naphthyl h A mixture of 2 g of the compound dissolved in
10 m! of glacial acetic acid and 3 g of lead temraacetate was heated to 60° and further treatment of this mixture
was conducted as described for - oxidation of 1-phenyl-1-a-naphthyl-2-methylethylene. Final wreatment was
also the same as in the previous case, i.¢. 1.5 g of 1-phenyl-1-8 -naphthyl-2-methylethylene glycol ( supposed)
in 10 ml of glactal acetic acid was oxidized with an additional 2 g of lead tetraacetate and the acetaldehyde
which came off was passed into an alcoholic solution of 2,4-dini . After i from
alcohol, the yellow precipitate that formed melted at 147-147.5° and gave no depression in a test mixture with
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the 2,4-dini of After the was driven off and a fter neutralization
of the acetic acid with potash, the residue was extracted with ether and after being washed with water, it was
dried over calcined sodium sulfate and upon distilling off the ether, it solidified. After recrystallization from
alcohol, it melted at 81-82°, and gave no depression in a test mixture with known phenyl-B8 -naphthyl ketone.

of 1-phenyl-1-8-naphthyl-2-me 1.5 g of the compound was dissolved in 10 ml
of glacial acetic acid, mixed with a solution of 135 g of pyridine dibromide in 5 ml of glacial acetic acid and
then heated over a water bath with continuous stirring. After the mixture was decolorized and poured into water,
a yellowish flaky precipitate separated out which after being washed with a solution of soda and water, was dis-
solved in ether and dried over calcined sodium sulfate. After filtration and evaporation of the ether, we obtained
a yellowish, resinous substance which did not crystallize from organic solvents.

Found %: Br ( according to Rosenmund-Kunganer) 39.06, 38.44; M 402.01, 396,21
CygHyBry. Calculated %: Br 39.10; M 404.15.

i of 1-phenyl-8 -L. A solution of 2 g of 1-phenyl-1-8 -naphthylpropanol-1
in 12 ml of glacial acetic acid was gradually mixed with 2 g of dioxane dibromide. After declorization ceased,
a yellowish crystalline precipitate formed which,after filtration and washing with glacial acetic acid, was con-
verted to a thick viscous mass which was unaltered upon boiling with alcohol.
Found %: Br 38.54.
CyHyeBry. Calculated %: Br 39.10.

SUMMARY
1. The isomeric 1-phenyl-1-a-(and B-)naphthylpropanols-1 were synthesized by the Grignard reaction.

isomeric

2. Dehydration of 1-phenyl-a-(and B 1 gave the
hydrocarbons, whose structure was confirmed by oxidation.

3. Bromination of the isomeric 1-phenyl-1-a-(and 8-)naphthyl was investi it

was found that when an a-naphthyl radical is present in the hydrocarbon, the bromine replaces the hydrogen at
the double bond; in presence of a B-naphthyl radical, bromine adds on at the double bond.

4, Direct bromination of 1-phenyl-1-8 -naphthylpropanol -1 was investigated; a substanceCyHiebr, was
henyl-3-8 i

obtained which was evidently 2,3-dib pheny phthylprop
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SYNTHESIS OF STEROID COMPOUNDS AND RELATED SUBSTANCES

X XXIV. 9-METHYL-1,6 -DIKETO-A°-OCTAHYDRONAPHT HALENE

1. N. Nazarov, S. I. Zavyalov, M. §. Burmistrova, I. A. Gurvich and

L. I. Shmonina

Ketones {ni skeleton are important intermediates {n the synthesis of
steroids and related compuunds‘ Of special interest among these ketones is 9-methyl-1,6-diketo-a’-octahydro~
naphthalene (IV), prepared some years ago in our laboratory by the following scheme [1):

0

o
I CH: ||
CHa N\ NN

7 lcu.-xcﬂcoc)-h di W . ] |
AT AT AL

a @n o av)

\CH,

By a detailed study of these reactions we succeeded in considerably tmprovingthe individual steps of this
synthesis and in ralsing the yield of diketone (IV) to 30%, bésed. "-on the original dihydroresorcinol [1].

of i was in warious solvents using different metallic derivatives of
dihydroresotcinol while varying the temperature and duration of reaction as well as the ratio of reactants . The
best results were obtained by methylation of dihydroresorcinol in aqueous acetone solutions in presence of potas-
sium carboﬂale or sodium carbtmate. An examination of the reacﬁnn products revealed that, like dimedon, di~

and inol is formed togetlier withi methyl-

dihydroresorcinol, whilé part of the original di inol remains By. using 0.75 of
potasstum carbonate and repeatedly methylating the unreacted dihydroresorcinol, the yield of pure methyldi-
hydroresorcinol was brought to about 50%.

[ ion of i with methyl vinyl ketone proceeded nearly quantitatively in
boiling methanol in presence of 0.05 equiv. potassium hydroxide. Because of its instability, the prepared wike-
tone (1) was used in the next step without distillation,

Methyl viny1 ketone was prepared in 90% yield by hydration of viiylacetylene in aquecus methanol in
presence of mercuric sulfate and subsequent cleavage of methanol from methoxybutanone according to the
scheme;

OH, -
cusc—cu=cu,%9—> CHyCOCH,CH;00H; — =988, oy cocr=cy

For the purpose of cyclization of triketone (III) to 9-methyl-1,6-diketo-A®
Various catalysts were used: piperidine sélts of butyric, caproic and ic'acids, h
and ammoniym aceate. The:best resilts were obtatned on heating triketone (II) with the piperidine salt o
phosphoric acid in vacuurn at 92-98" for 3 houts; in this manner a 627 yleld of diketons (IV) was attained,
based  on the methyldihydroresorcinol. Diketone (IV) was hydrogenated in solutions of ether, methanol, and

(W).
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alcohol over platinum and palladium catalysts, and also in an acid medium. In all cases the main product of
reaction was cis-9-methyl-1,6-diketodecalin (V) :

$ cHy) e, 1
CH; 4]
NN /\\“/\ aNZaN

|H,~ '

‘ I (C_H "0)0 l
. Fa
RO/ % o
ay v

Heating of diketone (IV) with a mixture of acetic anhydride and acetyl chloride or with ethyl orthoformate
in presence of concentrated sulfuric acid led to the unstable enolic ethers (V1) and (VID), which could not be iso-
lated, in analytically pure form. In this connection it should be noted that 6-keto-A®-octahydronaphthalene ( VIL)
also forms an unstable enolic ether ( IX), readily oxidizing in the air [2]:

(== (1)
oINS RTR Vo Ve
ax)

i

EXPERIMENTAL

Methylation of dihydroresorcinol (I). A mixture of 56 g of dihydroresorcinol (I) (m.p. 103-104%), 34.5°g,
(oquivalent) of potash, 150 ml of watér, 300 ml of acetone and 45 ml of methyl odide was stirred at 60° for 4
hours. After the acetone was driven off in vacuum, a white crystalline precipitate came down which was washed
with water and dried. We obtained 26.6 g (42%) of methyldihydroresorcinol (I1), m.p. 209-210°.

The mother .liquors. which remained after fon of 461 g of di inol were combined and
extracted with ether and chloroform. After drying and driving off the solvents, we obtained 166.4 g of ofl which
upon freezing and crystallization yielded 62.5 g of initial dihydroresorcinol. When the remaining ofl was vacuum-
distilled, we obtained 81 g of dimethyldihydroresorcinol, b.p. 100-102° (11 mm), m.p. 39-40°. A test mixture
with previously [3] prepared di i inol gave no i

A mixture of 56 g of dihydroresorcinol, 145 ml of water, 300 ml of acetone, 25.8 g (0.75 equiv.) of potash
and 34 ml of methyl iodide was heated for 5 hours at 60°. After the acetone was driven off in vacuum, we iso-
lated 22.4 g of methyldihydroresorcinol. 150 ml of acetone, 11.2 g of potash and 16 ml of methyl iodide were
added to the mother s liquor. After heating for 3 hours and driving off the acetone in vacuum, we obtained an
additional 10.2 g of methyldihydroresorcinol. 120 ml of acetone, 4.6 g of potash and 6.5 g of methyl iodide were
added to the remaining mother : liquar. After heating for 4 hours and driving off the acetone in vacuum, we ob-
tained'3.2 g more of methyldihydroresorcinol. The total yield of pure methyldihydroresorcinol, m.p. 209-210°
was 31 g (50%) .

Preparation of methyl vinyl ketone. In the course of 4 hours with stirring, 470 g of vinylacetylene was
passed into a mixture (heated to the boil) of 20 g of mercury sulfate, 50 ml of water and 700 ml of methanol
at such a rate that the temperature of the solution stayed in the range 60-65°, and simultaneously, 150 ml of water
was added drop-wise to the solution. The mixture was stirred for 2 hours at room temperature and on the following
day it was neutralized with soda (20 g) using litmus as the indicator, filtered, and distilled once under a slight
vacuum ( 106-200 mm), and then a second time at atmospheric pressure. We obtained 865 g (93.8%) of methoxy-
butanone, b.p. 136-137°; nf) 1.4036.

A mixture of 145 g of and 0.8 of p ic acid was heated in a distilling flask
fitted with a Vigreux column at 112-116° for 2 hours. 160 mi of distillate was collected which contained 97 g of
miethylviny! ketone (semicarbazone, m.p, 141-141.5% .

Condensation of methyl vinyl ketone with methxldihydrclesorcino!. 160 ml of the above-described distillate
containing 97 g of methyl vinyl ketone was added to & mixture of 103 g of methyldiydroresorcinol and a solution
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of 2 g of caustic potash it 60 ml of methanol. The mixture was boiled for 6 hours with stirring and then set aside
overnight at room temperature. The following day the methanol was driven off under a slight vacuum ( tempera-
ture of bath 45°). 60 ml of water was added to the residue and the product was extracted with ether, We obtained
183 g of crude triketone (III) (nf) 1.4898) which was used without further purification for the preparation of
9-methyl-1,6-diketo-A%-octahydronaphthalene (IV) .

eparai ctahydronaphthalene (IV). A mixture of 133 g of the above -
described crude triketone (M) (nfy 1. e salt of phosphoric acid  1g of phosphoric
acid,specific gravity 1.8,t0 2.5 g of piperidine) was heated in vacuum (26 mm) at 92-98" for 3 hours. Upon
cooling, the resulting mixture (i3 1.5290) was shaken with 175 ml of water and 100 ml of benzene. After
washing with bicarbonate solution, from the benzene solution we obtained 110 g of oil, nfj 1.5290, which, after
standing, yielded 40 g of 9-methyl-1,6-diketo-A*~octalin (IV), m.p. 45-46°. When the mother liquor (68 g,
¥ 1.5160) was treated a second time with piperidine salt of phosphoric acid (5 g) as described aboveand then
distilled in vacuum (2 mm), we obtained 52.8 g more diketooctalin (IV), m.p. 45-46°. The total yield of
diketooctalin 92.3 g (62.5% ).

After two recrystallizationsfrom ethyl acetate, the mono-2,4-dinitrophenylhydrazone had m.p. 185.5-186",
Amax. 382 mu (in methanol).

Found %: N 16.13, 16.21. CyjHygOgNy. Calculated %: N 15.63.

The bis-2,4-dinitrophenylhydrazone, prepared from 150 mg of octalin (IV) and 350 mg of 2,4-dinitro-
phenylhydrazine after being boiled with a mixture of alcohol and ethyl acetate, had m.p. 238-239", Amax,
387 mp (in methanol).

Found %: N 20.69, 20.84. CygHp,OpN. Calculated %: N 20.81.
The literature data give m.p. 247-248° [4].

of 9-methyl-1,6-diketo-a® (IV). 1) 0.15g of diketooctalin. was
hydrogenated in 5 ml of methanol in the presence of palladium supported on calcium carbonate. In the course
of 10 minutes, 28 ml of hydrogen ( 16°, 746 mm) was absorbed and hydrogenation ceased. After the solvent was
driven off and the residue was recrystallized from a mixture of ether and petroleum ether, we isolated 0.1 g of
cis-9-methyl-1,6-diketodecalin (V), m.p. 61-63°, which gave no depression with the known compound, pre~
pared by hydrolysis of 9-methyl-6-methoxy-1-keto-A"-octalin [5.

After boiling with a mixture of ethyl acetate and alcohol, the bis-2,4-dinitrophenylhydrazone had m.p.
230.5-231.5°.

Found %: N 20.56, 20.74. CpsHypOgls. Calculated %: N 20.74.

2) 0.15 g of diketcoctalin (IV) was hydrogenated in the presence of palladium supported on charcoal in
5 ml of methanol with the addition of one drop of concentrated hydrochloric acid. 20 ml of hydrogen was ab-
sorbed after 45 minutes (18°, 740 mm) and hydrogenation ceased. After the solvent was driven off and the pro-
duct was recrystallized from n-hexane, we obtained 85 mg of diketodecalin (V).

3) 0.15 g-of diketooctalin (IV) was hydrogenated in the presence of palladium supported on calcium
carbonate in 8 ml of absolute ether, After 25 minutes, 18 ml of hydrogen ( 17°, 740 mm) had been absorbed
and hydrogenation ceased. We obtained 100 g of diketodecalin (V).

4) 0.15 g of diketooctalin (IV) was hydrogenated: in presence of a Pt catalyst in 5 ml of methanol. After
45 minutes, 20 ml of hydrogen ( 18", 740 mm) had been absorbed and hydrogenation, ceased. We obtained 60 mg
of diketodecalin (V). Similar results were obtained for hydrogenation in ethyl alcohol.

5) 0.15 g of diketooctalin (IV) was hydrogenated in 5 ml of methanol in the presence of a Pt catalyst
with the addition of 1 drop of concentrated hydrochloric acid. After 15 minutes, 22 ml of hydrogen ( 18,740
mm) was absorbed. We obtained 57 g of diketodecalin (V).

P ion of enolic __acetate of thy1-1,6-dik N VI).. A mixwre

(
of 2 g of 9-methyl-1,6-diketo-A -octahydronaphthalenc (IV ), 30 ml of acetic anhydride and 50 ml of acetyl
chloride was heated in an ampoule at 115-125° for 5 hours. After the volatile fractions were driven off, the
residue was vacuum-distilled, We obtained 1.6 g of enolic acetate (VI), boiling range 115-118° (0.05 mm);
2
o 1.5268.
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Found %: C 70.05, 69.55; H 7.25, 7.26. CygHyOy. Calculated %: C 72.5; H6.9.

Upon standing in the open, the percentage of this hydrocarbon present was greatly reduced.

of the enolic ether of 9-methyl-1,6-diketo-2® Vi), 2 ml of ortho-
formic ester and 2 drops of concentrated sulfuric acid in 2 ml of dioxans were added to 2 g of 9 -muthyl-1,6-
diketo-a®-octahydrenaphthalenc (1V) in 8 ml of anhydrous dioxanc. The mixture was heated for 40 minutes
at 100° and upon cooling, was treated with several drops of pyridine; after the solvent was driven off, the residue
was vacaum-distilled, We obtained 0.6 g of enolic ether (VIL), boiling range 130-140° (4 mm), nf§ 1.5280.

Found %: C 72.87, 72.49; H 8.44, 8.28. CygHyOp. Calculated : C75.7; H 8.1
Upon shaking in the cold with a 1% hydrochloric acid solution, the enclic ether (VL) formed the initial
diketone (IV).
SUMMARY

1. A preparative method was developed for the synthesis of 8 -methyl-1,6-diketo-"-octahydronaphthalene
in 3 steps, starting from dihydroresorcinol. The total yield was 30%.

2. It was shown that catalytic hydrogenation of 9 -methyl-1,6-diketo-a*-octahydronaphthalene gives cis-
-9-methyl~1,6-diketodecalin.

3. It was established that the low yield of i inol is due to the lectivity of the
methylation of dihydroresorcinol.
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B-(PYRIDYL-4) ~-GLUTARIC ACID AND THE PRODUCTS OF ITS
TRANSFORMATIONS

M. V. Rubtsov, E. E. Mikhlina and V. Ya. Furshtatova

The diethyl ester of 8 { pyridyl-4) -glutaric acid (), described by us in the preceding communtcation [1],
may serve as the stating point for synthesis'of ds of varlous structures. With amines, (1) reacts to form
the cortesponding diamides (II), which are reduced by lithium aluminum hydride to derivatives of 3-( pyridyl-
-4%-diaminopentane (III):

H, ~COOC,Hs CH, ~CONHR'
> e RN o/ LiALH,

'CH, ~COOCyHs CHy~CONHR'
(D R=pyridyl-4 () R=pyridyl-4
(12) R=piperidyl-4 R' =NHj, H, CeHsCy,
(CyHg) sNCyHy, ( CyHg)pNCsHs
(Ia) R=piperidyl-4;
CHy~CH,NHR' R= H,CeHiCHy (CaH) NGy

'CH, ~CHyNHR'
() R= pyridyl-4; R'=( C;H5);NCaHy
(W) R=piperidyl-4; R'=CgHsCHy
Reduction of (1) with lithium aluminum hydride leads to 3- (pyridyl-4") -1,5-dihydroxypentane (IV), which

by treatment with thionyl-chloride is transformed into 3-( pyridyl-4") -1,5-dichloropentane (V) Reaction of the
latter with benzylamine leads to formation &f N-benzyl-4-  pyridy1-4') -piperidine (VD

& _Mésnﬁu,on soct, CHCHC! CH.CHNH,
\CH,CH,OH P NCHICHC!
) ' ™
Hy—CH,,
SHCHNY ¢ é “SN-CHCHL
SEESCOE
oy

(1) is hydrogenated in presence of platinum black with formation of the diethyl ester of 5~ (pipetidyi4)-
_gluitaric acid (1a ) which is ransformed by the above-described scheme via the corresponding diamides (I1a)
into ives of di (I114). An alternative to the above synthesis of diamides(lla) is the reaction
between the hydrochloride of 8- ( piperidyl-4) -glutaryl chloride with the appropriate amines.

EXPERIMENTAL .

p-(Pyiidyl-4) :glutaric Acid, -3 g of the dlethyl ester of 5.-(pyridyl-4) -glutaric acid (1) was heated at
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the boiling point for 8 hours with 23 ml of 1 N aqueous caustic porash solution. The cooled solution was treated
with 22.8 ml of 1N hydrochloric acid and evaporated down. From the dry residue which was a mixure of
4= (pyridyl-4) -glutaric acid and potassium chloride, the acid was extracted with hot alcohol. After the alcohol
was driven off in vacuum, we obtained 2.35 g (99%) of acid which was a white crystalline powder, soluble in
water, alcohol and insoluble in ether, benzene, chloroform. M.p. 183-185°,

Found %: N 6.32, 6.68. CygHy,ON. Calculated %: N 6.68.

Dihydrazide of 8- (pyridyl-4) -glutaric acid. A solution of 3 g of ester (1) and 3 ml of hydrazine hydrate
in 10 ml of alcohol was heated for 4 hours at the boil. Upon cooling the solution, crystals came down; they

were rubbed with ether and filtered off. Yield 2.45 g (91.5% ). The colorless crystals were readily soluble in
water, alcohol, and insoluble in ether. M. p. 189-190°,

Found %: N 29.66. CyHys0,Ns. Calculated %: N 29.52.

Diamide of 3-(pyridyl-4) -glutaric acid. A mixture of 7 g of the diethyl ester of 3 -( pyridyl-4) -glutaric
acid (1), 70 ml of alcohol and 70 ml of 29% ammonia solution was shaken for 25 hours. After this period had
elapsed, the reaction mass was evaporated down in vacuum, the residue was rubbed with ether and the precipi-
tate which came down was filtered off. We obtained 4.65 g (84.8% ) of the diamide in the form of colorless
crystals, readily soluble in water, difficulty soluble in alcohol and insoluble in ether and benzene. M.p. 192-194°
(from alcohol) -

Found %: C57.24; H6.43. CyHyOpNg. Calculated %: C 57.47; H 6.23.

> of 8- (pyridyl-4) -glutaric acid, 5 g of ester (I) and 10.2 g of benzylamine were heated
at the boil for 20 hours. The crystalline dibenzylamide came down upon cooling the solution. For separation
from the excess benzylamine the reaction mass was diluted with ether, the crystals were filtered off and washed
with ether. Yield 6.2 g (92.3%). The compound was in the form of colorless crystals, soluble in alcohol, ace~
tone, pyridine, and insoluble in water, benzene, ether. M.p. 152-153°. '

Found %: C74.31; H6.30; N 10.61. CpgHysONy. Calculated %: C 74.42; H6.46; N 10.85.

Di- (diethylaminoethylamide) of §-(pyridyl-4) -glutaric acid. From 3 g of (1) and 8 g of diethylamino-
ethylamine by the above-described method we obtained 4 g of substance(87% ) in the form of colorless crystals
soluble in water, chloroform, benzene, alcohol. M. p. 100-102°, '

Found %: C 65.32; H9.40; N 17.45. CpHyONs. Calculated %: C 65.18; H9.63; N 17.28.

Di- (diethylaminopropylamide) of 5 - ( pyridyl-4) -glutaric acid. From 2 g of (1) and 1.96 g of di~
ethyl propylamine we prepared 1 g of the di-substituted amide, boiling range 220-250° (0.3 mm). The
colrnpeund was in the form of faintly yellowish hygroscopic crystals, readily soluble in water and in organic
solvents.

Found %: C 66.14; H9.63. CpiO,Ns. Calculated %: C 66.45; H 9.87.

L5-Dix( i ine) -3-(pyridyl-4") -pentane. A solution of 8 g of the di-( diethylamino-
ethylamide) of 8 - ( pyridyl-4) -glutaric acid in 80 ml of benzene was added in the course of 20 minutes to a
suspension of 1.04 g of lithium aluminum hydride in 30 ml of anhydrous ether. The reaction mass was then

heated at the boil for 20 hours, cooled and treated with 2 ml of water at 0°. Lithium and aluminum hydroxides

Zerfauﬁ:er:dbunl and carefully washed with benzese. After the benzenc was driven off, the residue w.l vacuum-
istilled. It boiled at 198-197° ( 0.4 mm). Yi i i

vater and in onganie solvents. n?)l 1[;1(:?’ Yield 1.5 g (58%). The yellow oily liquid was readily soluble in

Found %: N 18.20. CpHgNj. Calculated %: N 18.56,

Picrate ~ bright yellow crystals, m.p. 103-105°.

~ Di-(diethylami 1) ester of 8 - (pyridyl-4) -glutaric acid. A small piece of i
dissolved with mild heating (50-60°) in 15 ml of diethylaminoethanol. 3 g of t];e diem;?ee[s‘:lelrli::di?m :::sx-
-4) -glutaric acid (I) in 5 ml of diethylamincethanol was added to the prepared solution of alcoholate ﬁf di-y
ethylaminoethanol ‘and the reaction mixture was heated at 148-150° for 3 hours while the ethyl alcohl was con-
currently expelled. The solution was then cooled, treated with 50% potash solution and extracted with eme.on
The ethereal extracts were dried over calcined potash, the ether was driven off, and the residue was vacuum -
distilled. B.p. 195-197° (0.2 mm). Yield 2.95 g (64.3% ). The diester was a colorless, viscous liquid, readily
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soluble in organic solvents and in water.
Found %: C 64.51; H 8.9; N 10.09. CpHyON;. Calculated %: C 64.86; H9.10; N 10.04.

3-(Pyridyl-4") -1,5-dihydroxypentane (IV). A solution of 6 g of ester (1) was added in the course of

30 minutes to a suspension of 3.54 g of lithium aluminum hydride in 60 ml of anhydrous benzene. The reaction
mass was heated for 2 hours at the boil, cooled. and treated with 6.54 ml of water. The precipitated lithium
and aluminum hydroxides were filtered off and.repeatedly washed with dry pyridine. After the pyridine was
driven off in vacuum, the crystalline residue was carefully washed with ether. We obtained 3.5 g of substance
(86%) in the form of white crystalline powder, moderately soluble in water, alcohol, acetone, readily soluble in
pyridine, and difficultly soluble in ether and benzene. M.p. 64-66°.

Found %: N 7.99, 7.72. CyHyON. Calculated %: N 7.73.

3-(Pyridyl-4') -1, (V). An alcoholic solution of hydrogen chloride was added to
1.9 g of 3-( pyridyl-4") -1,5-di until the app of an acid reaction on Congo. The alcohol
was driven off in vacuum and the residue was dissolved in 12 ml of dry chloroform. 12 ml of thionyl chloride
was added drop-yise to the chloroform solution of the diol hydrochloride. The reaction mass was heated at the
boil for 1 hour, the chloroform and thionyl chloride excess were driven off in vacuum, the residue was treated
with 50% potash solution and the oily dichloride which formed was extracted with chloroform. The chloroform
solution was dried with sodium sulfate, the’ chloroform was driven off and the residue was vacuum-distilled. B.p.
121-122° (0.35 mm). Yield 0.85 g (42.7%). The colorless mobile liquid was readily soluble in water. Upon
standing at room temperature, and also upon heating, it formed the quaternary salt which was insoluble in ether.

Found %: Cl32.09. CyHyNCl,. Calculated % : Cl32.57.

N-Benzyl-4- ( pyridyl-4') -piperidine (VI). 0.85 g of 3-(pyridyl-4') -1,5-dichloropentane and 10 ml
of benzylamine were heated at the boil for 7 houss. The excess of benzylamine was driven off in vacuum and
the residue was treated with 50% potash solution and extracted with ether; the ethereal solution was dried with
potash, the ether was driven off, and the resulting substance was vacuum-distilled. B.p, 160-164° (0.3 mm).
The yellow mobile ofl was readily soluble in organic solvents and insoluble i water; nf} 1.5733.

Found %: C 80.85; H T.77; N 10.94. M 244, CyHyN,. Calculated %: C 81.00; H 7.95; N 11.20.
M 252,

Picrate — bright yellow crystals, m.p. 215-216°.

Diethyl ester of 8-(piperidyl-4)-glutaric acid (Ia). 22.2 ml of 2%% alcohalic hydrogen chloride solu-
tion, 300 ml of anhydrous alcohol and 0.7 g of Pt0, Were added to 34 g of ester (1). The reaction mixure was
shaken with hydrogen for 30 hours. In this time, a quantity of hydrogen was absorbed, sufficient to convert the
pyridine ring to piperidine. When the absorption of hydrogen ceased, the alcohol was driven off in vacuum, the
remaining hydrochloride was treated with 50% potash solution and the base was extracted with ether. The
ethereal solution was dried with sodium sulfate, the ether was driven off, and the residue was vacuum-distilled.
B.p. 181-132° (0.1 mm). Yield 81.5 g (93% ). The colorless mobile liquid was readily soluble in water and
in organic salvents; njy 1.4688.

Found %: C 61.53; H0.24; N5.21. CylpsON. Calculated %: C 61.79; H9.22; N 5.20.

B - (Piperidyl-4) -glutaric acid. 2 g of the ester (Ia) and 14.7 ml of 1 N aqueous caustic soda solution
was heated for 8 hours at the boiling point. The reaction mass was cooled to 80° and mixed with 2 solution of
2.25 g of silver nitrate, heated to the same temperature. The silver salt which came down was separated, washed
with water, and dried. We obtained 3 g of salt. A suspension of the silver salt in 30 ml of water was saturated
with hydrogen sulfide at 50° and the resction mass was then cooled, treated with carbon, the silver sulfide and
carbon were filtered off, and the aquecus solution. of 8 - ( piperidyl-4) -glutaric acid was evaporated to dryness
{n yacuum. We obtained 1 g (83.8%) of acid In the form of calorless crystals, readily soluble In water, insolu~
ble in alcohol and ether. M. p. 213°

Found %: N 6.58. CyHyON. Calculated %: N 6.52.

Hydrochloride — colorless crystals, readily soluble in water and in alcohol, insoluble in ether, acetone,
benzene. M.p. 174-175°.

Found %: Cl 1472 CrHyONHCL. Calculated %: Cl14.22.
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Diamide of §- ( piperidyl-4) -glutaric azid. Upon treatment with ammonia by the a}mvgdcsmbed method,
from 2 g of diethyl estes of 3-( piperidyl-4) -glutaric acid (1a), we obtained 0.8 g of the diamide (51%) in the
form of white crystalline powder, readily soluble in water, alcohol, and insoluble in ether. M.p. 186° (from
alcohol -ether mixture) .

Found %: C 56.03; H 8,85. CyHyOpNs. Calculated %: C 56.33; H8.92.

Dibenzylamide of, 3 - (piperidyl-4) -glutaric acid. ~ A) 2 g of the diethyl ester of 8- (piperidyl-4) -
~glutaric acid and 10 g of benzylamine were heated at the boil for 40 hours.  After the benzylamine was driven
off in vacuum, yellowish crystals remained. These were filtered off, washed with ether, and recrystallized from
alcohol, Yield 2g(69%) . The colorless crystals were readily soluble in alcohol, chloroform, and insoluble fn
ether, water, benzene. M.p. 163-167°.

Found %: N 10.24. CpgHyO;Ns. Calculated %: N 10.64.

B) 2g of the hydrochloride of 8- piperidyl-4) -glutaric acid and 9 ml of thionyl chloride were heated
for 2 hours at 50-55°. During this period of time the precipitate of the hydrochloride dissolved. Thionyl chlo-
ride was driven off in vacuum, the hydrochloride of the dichloride of 8- ( piperidyl-4) -glutaric acid was mixed
with 50 ml of anhydrous ether and,upon cooling, was added to an ethereal solution of 5 g of benzylafhine. Tho
reaction mass was treated with 50 %potash solution and extracted with chloroform. After the chloroform had
been expelled, the residue was rubbed with ether, the crystals were filtered off, washed with ether, and dried.
M.p. 167°. Yield 1g (54%).

Di-(di ide) of B -( piperidyl-4) -glutaric .acid. From 3 g of the diethyl ester of 3 -
~( piperidyl-4) glutaric acid and 10 g of diethylaminoethylamine, we obtained 2.5 g (57%) of substance.
boiling range 170-190° ( 0.4 mm). The yellow viscous liquid was readily soluble in organic solvents and difficultly
soluble in water.

Found %: C 63.30, 63.40; H 10.45, 10.50, CyHysOpNs. Calculated %: C 63.23; H10.92.

1,5-Di 3-(piperidyl-4') -pentane. A mixture of 2 g of the dibenzylamide of 8 -(piperidyl-

-4) -glutaric acid, 0.8 g of LiAlH, 40 ml of dry ether and 60 ml of dry dioxane, was heated at 70° for 20 hours.
After the usual treatment, we obtained 0.7 3 (38%) of substituted 1,5-diaminopentane in the form of light
yellow, rather viscous liquid, readily soluble in organic solvents and difficultly soluble in water. Boiling range
255-270° (0.5 mm) .

Found %: N 11.23. CygbiegNs. Calculated %: N 11.50.

SUMMARY
A series of derivatives of 8- ( pyridyl-4) -and 8- ( piperidyl-4) -glutaric acids and products of their trans-
were ized : substituted 3~ pyridyl-4") -1,5-diaminopentanes and 3-( piperidyl-4’) -1,5-diamino-
pentanes, 3~ ( pyridyl-4") -1,5 -di N-benzyl-4,4'~pyridino-piperidine.
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SOME PRODUCTS OF TRANSFORMATION OF TETRALIN HYDROPEROXIDE

A. 1. Kamneva and L. A. Salmin

The primary products of oxidation of hydrocarbons — peroxides — have been adequately swudied by a number
of Russian and'foreign scientists [1,3]. However, the further transformations of peroxides and their
role in resinificatiop have remained uninvestigated.

The present work is devoted to a study of the ism of ion of tetralin
the process of oxidation.

Tetralin hydroperoxide was first prepared by Hartman and Seiberth in 1932 [2]; it was identified by Hock
and Susemihi [3], and studied more closely by Ivanov [1] and Medvedev [4]. Medvedev showed further oxida-
tion. of tetralin hydroperoxide leads ta breakdown to a ketone — tetralone. Apart from the hydroperoxide and
tetralone, Medvedev indicates the possibility of formation of  hydroxyalkyl peroxide as a product of reaction,
of tetralone with the hydroperoxide. It was latér shown by Robertson and Waters [5] that the main products of

idation of tetrali lone, a-tetralol and an acidic substance obtained by oxidation of tetralone.

In our preceding studies [6, 7] we showed, independently of Robertson and Waters, that among the products
of oxidation of tetralin, apart from the hydroperoxide and tetralone, are a diketone, an acid and resinified sub-
stances. An alcohol ( tetralol) was not detected among the products of oxidation of tetralin; evidently the pre-
vious investigators mistook the enolic form of tetralone for an alcohol. We demonstrated the tautomeric char-
acter of tetralone in a special paper devoted to this problem [61.

In the present communication we bring forward data on the investigation of one of the products of auto-
oxidation of tetralin — the diketone — and its further transformations. Analysis of the diketone and of the deri-
vatives obtained showed that this a-diketone is 3,4-dihydro-1,2-naphthoquinone, not previously described in the
literature. This diketone is very unstable and when stored for 3 months it darkens and becomes viscous; its acid
number rises from 15 mg KOH/g substance to 165 mg KOH/g substance. Analysis revealed the presence in this
diketone of 55% acids, from which was isolated B-o-carboxyphenylpropionic acid. We therefore conclude that the
acids are formed from the diketone by reaction with oxygen and moisture from the air during storage.

Examination of the literature on this problem,in particular the papers of M. M. Shemyakin [8], indicate
that the presence of ketonic groups promotes oxidative-hydrolytic cleavage of molecules and especially of
molecules of ‘a-diketones in which they are in the ortho-position, In this case the carbon bond is very swongly
polarized and is readily susceptible to oxidative-hydrolytic cleavage with formation of a dibasic acid. Conse-
quently the formation of an atid from the diketone according to the following scheme may be considered proved:

COOH
N 0 COOH

y
| woemo, || S
k/ e SNV

3,4-dihydro-1,2 8

ACO

EXPERIMENTAL

1._Preparation of properies of 3,4-dihydro-1, . Diketone fractions,obtained upon
distillation of oxidized tetralin, distilled over at 114-116° (1.5 mm). Inorder to study the properties of the dike-
tone, these fractions were purified by 3-fold vacuum-distillation.
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3 42.61.

B.p. 114°(1.5 mm), df’ 1.1515, nf 1.5460, MRpy 43.08; calculated

Found %: C 75.16; H 5.22. CyHiOz Calculated %: C 74.99; H 5.08.

2,4-Dinitrophenylhydrazone. A solution of the reagent was added to a weighed pf)mondoift[:f ;\l:sxsne
dissolved in ethyl alcobol. Lustrous orange crystals immediately came down and were filtere ad 2 e 01’
washed with alcohol and dried. M.p. 137-138°. Analysis showed this substance to be the mono-derl
the o -diketone.

Found %: C 56.32; H 8.46; N 16.27. CyHpOsNg- Calculated %: C 56.47; H 3.53; N 16.47.

After 2 days, dark cherry -colored crystals formed in the filuate, m.p. 260°. The percentage composition
corresponded to that of the di-derivative of the a-diketone.

Found %: C 49.50; H 3.23. CppHyON. Caleulated %o: C50.7T; H 3.08.

The Ehenylhydrzzone was obtained in the form of fine white needles, m.p. 132°.
Found %: N 10.89. Calculated for mono-derivative o: N 11,20,

linederivative in the form of fine silvery -white

Reaction with o-pl iamine yielded th
needles, m.p. 152.5.

Found %: N 10.85. CygHppNy - Cale. % N 12.07.

1L, Conversion of diketone upon standing in air. _ After 3 months, the pure diketone became very v!s-d
cous, had a dark cherry color and had started to crystallize. Lts acidity rose from 15 mg KOH/ g of compoun
(due to enclization of the diketone) to 165.2 mg KOH/g of compound.

For analysis we took 6.6958 g of product. Vacuum-distillation yielded two fractions: 1st, b.p. 116-‘1‘1’1 8
1.5613 g, diketone; 2nd, boiling range 136-140°, 1.6612 g, 8-0-carboxyphenylpropionic acid. After .dls(ll ation
the very viscous, almost black residue could be stretched out into threads. The residue was dissalved in ether
and treated with 5% NaHCOj in order to extract the unexpélled acids, of which there remained 2.0315 g.

Thus, upon standing,a total of 1.5613 g (23.85%) of diketone remained unchanged, 8.6921 g (55.13%) of
acids separated out and 1.4418 g (31.52%) of neural resinous residue formed. From the acid portion, ve so-
Toted and identified B-o-carboxyphenylpropionic acid, m.p. 163.5°. We prepared s silver salt.

Found %: Ag 53.53. CyHgOsAgy. Calculated %: Ag 52.94.
SUMMARY

1. The presence in the products of oxidation of tetralin of 3,4-dihydro-1,2-naphthoquinone is demon-

strated.

2. Itis ished that B fonic acid is a product of oxidative-hydrolytic cleavage

of 8,4-dihydro-1,2-naphthoquinone.
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SULFONATION AND SULFONIC ACIDS .OF ACIDOPHOBIC COMPOUNDS

XXV. APPLICATION OF DIOXANE-SULFOTRIOXIDE TO THE DETERMINATION
OF MONO- AND POLYHYDROXY COMPOUNDS

A.P. Terentyev and N.B. Kupletskaya

Preceding communications in this series concerned mainly reactions of substitution of hydrogen by the
sulfo group in compounds that easily resinified in presence of the usual sulfonating agents. Examples of such
acidophobic ( towards sulfuric acid) compounds are diverse hydroxy compounds. . The carbonization of sugar
under the action of concentrated sulfuric acid is well-known. Many less complex hydroxy compounds readily
dehydrate with formation of olefins. If, however, the complex of sulfur tioxide with dioxane is used as sulfona~
ting agent, then the process of sulfonation, i.c., formation of an actd ester of sulfuric acid, proceeds without any
trace of resinification.

In studying the sulfonation of polyhydroxy compounds, we decided to apply tiis reaction to the quantitative
determination of hydroxyl groups. The method is based on the irreversible reaction [1):

ROH + O( CH;CHy) O+ SOy — ROSOgH + O( CH,CHy) 0.

Under the action of water, dioxane~sulfotrioxide immediately gives sulfuric acid.O( CHCHy);0 SO +
+ HyO = H,SO, + O( CH,CH,),0, which can be readily back-titrated with sodium carbonate or alkali with the
usual indicators, since dioxane does not interfere with the titration.

We see that on reaction with alcohols only one of the two acid equivalents of sulfur trioxide is lost, and
this gives us the possibility of determining hydroxyl groups.

It was decided to work out specific conditions for carrying out the sulfonation reaction in order to utilize
it for analysis. Thereagent used was 1.5-2 N solution of sulfur wrioxide in dioxane. Sulfonation must be carried
out with a 3-4~ fold excess of sulfur trioxide ( calculated for each hydroxyl). After dilution of the reaction mix-
ture with water, it is necessary to carry out the titration with the utmost speed since the acid esters of sulfuric
acid are hydrolyzed with great facility. For tiration we used indicators that changed color in an acid medium:
Congo red, bromophenol blue, and methyl orange. Unfortunately, the solution of sulfur trioxide in diéxane is not
very stable, and there is an appreciable change of titer even when kept in sealed ampoules, However, the solu-
tion is quite sultable for analysis in the course of two to three days.

Procedure

Dioxane - {oxide solution. C dioxane was dried over calcium chloride and distilled. The
solution of dioxane -sulfotrioxide was made up in an apparatus consisting of two wash-bottles connected in series
and a gasholder filled with air. A stream of air passing through the first wash-bottle, filled with 60% oleum, car-
ried with it sulfur trioxide into the second. wash-bottle containing dioxane. Passage of air was continued until a
white precipitate of dioxane-sulfotrioxide, insoluble on shaking, had formed in the second wash-bartle. A litde
dioxane was then added to dissolve the precipitate completely. In this manner a 1.5-2 N solution was prepared.
The dioxane solution was measured out with a small (1.5 ml) pipet with two graduation marks. The pipet was
constructed from thick barometric glass with an internal diameter of about 1.5 mm. To the top of the pipet was
attached a rubber tube in which was inserted a glass bead serving as & seal.  The rubber tube was joined to a sys-
tem of communicatingvessels, movement of which enabled the solution to be run from the pipet. These communi-
cating vessels were filled with saturated calcium chloride solution. The lower end of the pipet was slightly curved,
and on it was attached, with a rubber stopper, a small conical flask to protect the pipet against moisture and dirt.
&
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Method of determination. A weighed amount of the substance ( 0.02-0.05 g) was transferred in the usual
manner into a dry, 50 ml conical flask fitted with a ground-glass stopper; a measured volume of dioxane-sulfo-
trioxide solution was added and the mixture left for 2-3 minutes. Samples of solid substances were left until
completely dissolved. - Samples of volatile substances were put directly into a measured volume of sulfur trioxide
solution, About 10 ml water was added, the indicator was introduced, and rapid titration at once effected with
sodium carbonate solution until the color of the indicator changed. A blank titration was run in parallel: tiwa-
tion of a measured volume of dioxane-sulfotrioxide after dilution with water. The period for each determination
was about 10 minutes.

The following formula was used for calculation:

%oH,

M-% Hact,
100

Amount of H, in moles) =
act. 10-8 act. ( )
where a is the number of milliliters of sodium carbonate solution required for titration in the blank experiment;
b is the number of milliliters of sodium carbonate solution for titration after reaction with the sample; N is the
normality of the sodium carbonate; § is the weight of the sample; M is the molecular weight of the sample of
substance.

The determinations were accurate on the average to+ 2-3%. Results of determinations are set forth in
Table 1.

We see that satisfactory results are obtained not only for primary and secondary alcohols but also for ter-
tiary alcohols. This is an important observation because the usual methods of acetylation and phthalation do
not permit determination of tertiary alcohols.

TABLE 1

Substances investigated Percel OH (in moles)
calculated

Monohydric alcohols

Ethanol

Butanol-1
2-Methylpropanol -3
2-Methylpropanol -4
Nonanol-1

Allyl alcohol
1,1,1-Trichloropropanol -2
Benzyl alcohol
Phenylpropyl alcohol
Octanol -2

Cyclohexanol

Menthol

2-Methylbutanol -2
2-Methylhepten-4-ol-2
2-Methylhexariol -2
CH,CH,OCH,C( OH) * CsHy;

Polyhydric alcohols

Butanediol-1,3 2.26 2.08
Butanediol-1,4 2.23 2.00
Butynediol-1,4 2.30 1.99
Pinacone 1.7¢ 1.72 2.03
Pentaerythritol i 2.96 2.96 4.00
Mannitol 3.31 3.26 5.96

When analyzing such p p as p itol or mannitol, the samples are finely pul-
verized and subjected to the action of the reagent until completely dissolved ( approximately 1-2 hours). The
blank experiment is run in parallel for the same period.

043R0004000500

Cases have occurred in which the method did not give satisfactory results. These involve secondaty and
tertiary aromatic alcohols and phenols, the acid esters of which ars evidently very easily hydrolyzed. Thus,
triphenylcarbinol almost completely “fails to titrate", and methylbenzy] carbinol, phenol and hydroquinone only
titrate to the extent of 50-80%.

TABLE 2

Substances investigated Percen: OH (in moles)
found

Glucose 2,79 2.76 497
Galactose 2.79 2.19 5.00
Fructose 2.24 2.19 3.94

Determinations were also made of the number of hydroxyl groups in some sugars. Results are presented in
Table 2.

Oximes also contain an active hydrogen atom; they should therefore react with sulfur trioxide to give the
corresponding ester. It is known, however, that acid reagents easily cause rearrangements and transformations
of oximes. Aldoximes isomerize and split off water with particular ease; we could therefore have expected
lower analytical results for them. Ket are not ible to ion and should therefore give better
results. These are firmed il (Table 3).

TABLE 3

Substances investigated Percen OH (in moles)

Ketoximes

Acetoxime 1.36
Acetophenoneoxime 011
Benzoin oxime ( cuprone) 0.91

Aldoximes
Benzaldoxime (syn) 0.83 0.53 0.711
Benzaldoxime ( anti) 0.83 0.70 0.84
o-Nitrobenzaldoxime (syn) 0.61 047 0.78
o-Nitrobenzaldoxime ( anti) 0.61 0.50 0.83

Investigation of other classes of compounds showed that under the conditions of determination, esters of
mono- and dibasic saturated and unsaturated acids do not alter the titer of dioxane-sulfotrioxide. This was con-
firmed for the case of ethyl acetate, methyl methacrylate and dimethyl furiarate. The same is true of nitriles
and amides of acids. Benzyl cyanide, 1 ide and all failed to react under our
conditions with sulfur trioxide solution. This is an important observation, since the presence of all these group-
ings markedly interferes with the determination. of active hydrogen by the Chugaev-Tserevitinov [2] and
lithium aluminum hydride methodsl [3]. The nitro group, Which interferes with determinations by methods
using methyl magnesium iodide and lithfum aluminum hydride, does not react with dioxane-sulfotrioxide, as
was found in the case of nitromethane.

SUMMARY

1. A method was developed for titimetric determination of hydroxyl groups with the help of dibxane-
~sulfotrioxide. The accuracy of the method i + 2-3%.

2. Satisfactory results were obtained for mono- and polyhydric alcohols, sugars and ketoximes.
3. Tt was shown that phenols and aldoximes camnot be determined by this method.

4. Niuile, ester and amide groups and the nitro group do not change the titer of dioxane-sulfotrioxide
under the conditions of determination.
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IMIDAZOLE DERIVATIVES
XIV. OXIDATION OF BENZIMIDAZOLE AND ITS METHYL DERIVATIVES+

L. S. Efros, N. V. Khromov-Borisov, L. R. Davidenko and M. M. Nedel

Earlier it was shown[1, 2] that a disturbance of the equality of the bonds exists in the benzene ring of
benzimidazole (I), in its character close to that already known for a long time in naphthalene, This distur-
bance of bond equality should considerably weaken the stability of the benzene ring found in benzimidazole.
On the other hand, the imidazole ring, entering into this molecule, shows high stability. The latter can be
observed, for example, in the hydrogenation reaction, where, even under extremely drastic conditions, ben-
zimidazole (1) forms only the 4,5,6,7-tetrahydro derivative [3].

It also seemed of interest to compare the stability of the rings, forming this molecule (1), in the oxida-
tion reaction; in this connection an attempt could be made to find a method possessing practical value for the
preparation of imidazole-4,5-dicarboxylic acid (I1), used for the synthesis of imidazole [4] and of certain dyes
(5]

N

q T HOOC I
K N) HOOC I N /”
H H

o) 63}

Bamberger and Berle [6] occupied themselves with oxidation of (I) long before we did. However,
due 1o the fact that they ran this reaction in alkaline medium, in which hetero rings are usually less stable
[7), the yield of the dicarboxylic ‘acid (II) in their numerous experiments failed to exceed 1%.

Proceeding from the above, we ran the oxidation of () in acid medium with chrome mixture; here
we obtained the dicarboxylic acid (Il in about 60% yield. As a result, both in the oxidation in actd medium
and in hydrogenation of the two rings forming the benzimidazole molecule (), the more stable, and con-
sequently the more aromatic, is not the benzene ring, but fnstead it s the imidazole ring. It also seemed of
interest to'study the oxidation of i (111) and of 1 (V). The
methyl group in the 2-position of the imidazole molecule is extremely passive in oxidation reactions (as we
had already repeatedly observed earlier [2, 8]), and consequeatly ¢ could be. expected that the actlon of the
oxidizing agent would be directed mainly toward the d our
It was found that the oxidation ofCompound (IIT) with chrome mixture. under analogous conditions gave
2-methylimidazole-4,5-dicarboxylic acid (IV) in 50% yield.

rd N HOOC
g | N)'— GHy HODC——J\ )— CHy
H

(am av

~ For previous communications cf.: J. Gen, Chem. 24, 488 (1954). (C.B. Translation p. 437).
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Itds i that this stability of the methyl group in (III) with respect ©©
the action of oxidizing agents is coupled with the presence of mobility for its hydrogen atoms, established

hy A. E, Porai-Koshits [9].
oW "m0
'~ \N) HOOC \NJ

| |

(V) CHy wyy s

The experiments on the oxidation of 1-methylbenzimidazole (V) with chrome mixture revealed, in
4,5 ic acid (V1)

contrast to the previous cases, that it is { i to obtain 1

by this method, We synthesized this acid (V1) by a different method, and specifically, by the methylation

of imidazole-4,5-dicarboxylic acid (II) with dimethyl sulfate, [On the basis of studying the properties of

the previously unknown 1-methylimidazole-4,5-dicarboxylic acid (VI) we attempted to isolate it from the
oxidation products of 1-methylbenzimidazole (V) with chrome mixture and found that it is not contained in
the reaction mixture,] As a result, replacement of the hydrogen in the fmino group of the imidazole ring

in benzimidazole by the methyl group, preventing tautomerization [10), weakens the stability of the imidazole

ring toward oxidation.

In the potentiometric tization of the dicarboxylic acids (II), (IV) and (V1) we obtained curves ith
distinet jumps in the potentials, characterizing the acidity of their carboxyl groups. The values of the acid
dissociation constants found from these curves are given in Table 1. The titration data obtained for the
dicarboxylic acid (VI) support the structure assigned to it.

TABLE 1 EXPERIMENTAL

Oxidation of benzimidazole (I). At first, in order 1o de-
Dicarboxylle termine the optimum acidity for the medium, we studied the
Acld oxidation of (I) with chromic anhydride. For the reaction we
an took solutions of 1 g of the product in 35 m1 portions of sulfuric
av) . acid of various concentrations, and the oxidation was with 5.6 §
v - of chromic anhydride and mild boiling of the reaction mixture.
The experimental results are given in Table 2.

TABLE 2 The following procedure is recomended for the practical
of dicarboxylic actd (II): oxidatlon of benzimidazole
Concentra- |Yield of imidazole-4,5 (1y was performed in 350450 m1 porcelain beaker with continuous
tion of sul- |carboxylic acid (II) Lstirring, 5 g of benzimidazole was dissolved in a
furic acid ) ) mixture of 70 ml of concentrated sulfuric acid (d 1.83) and 55 m1
(%) (ng | (n% of water, and the liquid was heated to 90° and addition in small
pottions of 37 g of well ground potassium dichromate was begun.
The reaction evolved heat and was accompanied by moderate
foaming, The potassium dichromate was added at the rate neces-
sary to maintain the temperature of the reaction mixture in the
range 90—95°. After all the potassium dichromate was added
(average time 40—50 minutes), the reaction mixture was stirred
for 10~ 15 minutes more and then poured in 400 m1 of water

and the total reaction mass was externally cooled with cold
water. After 30— 40 minutes, the prepared dicarboxylic acid (II) was filtered off, washed with water and dried.
The yield was 55-57%. The product was purified by two-fold reprecipitation from the alkaline solution with
actd. (The acid was added 10 the alkaline solution heated to the:boiling point and previously treated with
activated carbon for a half hour). .

0.56 42.5
0.62 47
0.75 57
0.92 10
0.89 67.5.
0.89 67.5

=
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The dicarboxylic acid (1I) was difficultly soluble in organic solvents and very difficultly soluble in
hot water, It decomposed with frothing at about 290°. (The capillary was placed in amelting-point deter-
mination apparatus which was heated to 270°. The temperature then was raised at the rate of 1° per 7-8
seconds). We were able to crystallize (although not very well) dicarboxylic actd (II) from large quantities
of dilute boiling hydrochloric acid (1:5).

0.1557 g of the acid was dissolved in 25 ml of 0.102 N caustic soda solution and the resulting solution
was titrated in the presence of a glass electrode with 0,104 N hydrochloric acid solution. The magnitude of the
pH at the half points was 4.0 and 7.8; 20.23 ml of hydrochloric acid were spent in the titration.

Found %: N 17.94, 18.12. M 148. CgH,ONy. Calcd. %: N 18.06. M 156.

Oxidation of 2-methylbenzimidazole (1iT), Oxidation of (III) with a chromic mixture was performed
by the same method as was the oxidation of (I). A yleld of 51~53% of dicarboxylic acld (V) was obtained.
For purification, it was recrystallized from boiling water (1 g of acid to 200-225 m1 of water) in the presence
of activated carbon, After treatment, it was in the form of colorless needles which decomposed with frothing
at around 270°, (A capillary with the compound was placed in melting-point determination apparatus, which
was heated to 260°. The temperature was further raised at the rate of 1° per 7--8 seconds).

Dicarboxylic acid (Il was difficultly soluble in organic solvents and slightly soluble in hot water and
in pyridine.

0.2268 g of the acid was dissolved in 40 ml of 0.102 N caustic soda solution and the resulting solution
was titrated in the presence of a glass electrode with 0,104 N hydrochloric acid solution. The magnitude of
the pH at the half points was 4.2 and 8.0; 25.17 ml of hydrochloric acid solution was spent in the titration.

Found %: N 16.40, 16.34. M 173, CgHON,. Caled. %: N 16.47. M 170.

Preparation of 1 imi 4,5-dicarboxylic acid (VI). 4.6 g of caustic soda was dissolved in
420 m1 of water and then 6 g of dicarboxylic acid (II) and then 10 ml of dimethyl sulfate was added with
continuous stiring. After 5— 10 minutes, when the reaction mixture had become thoroughly transparent, 10
ml of concentrated ammonia solution was added to it; it was heated to a boil and then acidified with hydro-
chloric acid until acid reaction to Congo. Upon cooling to room the liquid was i
filtered clear of the precipitate of unreacted dicarboxylic acid (II) and then evaporated to 30—40 ml volume.
The next day the crystals that had formed were filtered off and recrystallized from 50 ml of water in the
presence of activated carbon. The yield of dicarboxylic acid (VI) was 25—27%. It was obtained in the form
of lored leaflets which with frothing around 262°. (A captllary with the compound was
placed in a melting-point determination apparatus which was heated to 250°. The temperature was further
raised at the rate of 1° per 78 seconds). Dicarboxylic acid (VI) was poorly soluble in organic solvents and
quire readily soluble in hot water and in pyridine.

0.1988 g of the acid was dissolved in 100 ml of water and the resulting solution was titrated in the
presence of a glass electrode with 0.10024 N caustic soda solution. The magnitude of the pH at the half points
was 3.9 and 8,0; 23.0 ml caustic soda solution was spent in tiwation.

Found %: C 42.21, 42.17; H 8.55, 8.55; N 16.65, 16.38. M 172, CgHeONp. Caled. %: C 42.35;
H 8,53; N 16.47:"M 170.
SUMMARY
1. Conveniently practical methods for the synthesis of imidazole-4,5-dicarboxylic and 2-methyl-
imidazole-4,5-dicarboxylic acids were found by means of respectively oxidizing benzimidazole and 2-methyl-
benzimidazole with chrome mixture.
2. The destruction of the benzene ring, and not of the imidazole nucleus, in the oxidation of ben-

and 2 with chrome mixture confirms once more the existence of the earlier
described disturbance of the equalityof the bonds in the benzene ring of the above-mentioned compounds.

3. The fact that it is to obtain 1 4,5-dicarboxylic acid by the oxidation
of 1-methylbenzimidazole is evidence that the stability of the imidazole ring is associated with its ability to
tautomerize.
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4. A method for the ion of 1 imi i ic acid was described and
some of its properties were studied.
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IMIDAZOLE SERIES
I1iI. ACTION OF a-HALO KETONES ON 2-MERCAPTOIMIDAZOLES

P. M. Kochergin and M. N. Shchukina

It {s known that thiourea, its N; i derivatives, and also the ides of carboxylic acids,
react with ot-halo ketones to yield thiazole derivatives. Here the i were not isolated,
since these reactions proceed with vigor, and it is impossible to stop them at the first stage. 2-Mercaptoimid-
azoles can be regarded as being cyclic N, N'-disubstituted isothioureas; consequently it could be expected
that derivatives of the little known imidazo-(2,1-b)-thiazole heterocyclic system would be obtained when
they are reacted with et-halo ketones. It seemed of interest to isolate the intermediate compounds obtained
in the formation of the thiazole ring—the 2- B-ketoalkyl (aryl i and to study their
properties and the conditions for their ion into imid ,1-b)-thiazol

In the present work we studied the reaction of the earlier synthesized 45)-phenyl- and 4 (5)-p-nitro-
phenyl-2-mercaptoimidazoles [1] with «-halo ketones of the fatty, fatty-aromatic and alicyclic series in
alkaline, neutral and acid media. The reaction of 4 (5)-phenyl i with
«-chloroethyl methyl ketone, 2 and its para-and meta-nitro
derivatives, and also of 4 (5)-p imi with methyl
ketone and 2-chlorocyclohexanone, in alcohol solution in the presence of an equivalent amount of alkali,
gave the ponding 2-8 -ketoalkyl (aryl (I-IX, table) in good yields (86— 98 %)
The 2-8-ketoalky] (aryl)-mercaptoimidazoles are also formed when these reactions are run in aqueous alkali
solution; however, in this case tarring is observed and their yield is greatly reduced. If the reaction is run in
either alcohol or water solution (in the absence of alkali), then the corresponding hydrogen halide salts of
the 2-8 -ketoalkyl (aryl)-mercaptoimidazoles are obtained in good yields.

The ketonic properties of the 2-B-ketoalkyl (aryl i are by their reac-
tion with semi ide and with 2,4-dini azine, by their ease of bromination in the cold, and
also by the presence of the absorption bands for the carbonyl group in the infrared spectrum (~ 1760 cm-?) «.

The reaction of the 2-mercaptoimidazoles with the o-halo ketones of the fatty and alicylic series
proceeds differently in acid medium. The reaction of 4 (5)-phenyl i
and with 2-chlorocyclohexanone in hydrochloric acid solution gave us imidazo-(2,1-b)-thiazole and imidazo-
(2,1-b; dertvatives, resp : 3-methyl-6 2,1-b)-thiazole and
10- imi ,1-b i Under analogous conditions the fatty-aromatic a-halo
ketones form hydrogen halide salts of 2-B -ketoarylmercaptoimidazoles.

The 2-B-ketoalkyl (aryl; are Intermediat in the formation of the
thiazole ring, since they are capable of cleaving one molecule of water and being converted into imidazo-
(2,1-b)-thiazole derivatives. This reaction depends on the temperature and time of exposure to the reagent,
the character of the ketone radical, the nature of the in the 4 (5)-position of the imidazole ring,
and also on the catalytic influence of hydrogen ons. Thus, for example, closure of the thiazole ring fails
to proceed when 4 (5)-phenyl-2 is botled in 25% alcoholic hydrogen chloride
solution, while at higher temperature (when boiled in acid) 3-methyl-6 2,1-b)-
thiazole is formed in 94% yleld. Boiling with hydrochloric acid (11-38%) easily evokes the cyclization of
4 (5)-phenyl-2-8 in which the radicals are the residues of either fatty o

« The spectrum for 4 (5)-phenyl was taken by Yu, N. Sheinker.
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alicylic ketones (acetonyl, methylacetonyl, cyclohexanonyl). With this method, proceeding from the cor-
ing 2- B imi we obtained: 8-methyl i 2,1-b)-thiazole,

2,3-di i iazole and 1 imi 2,1-b,

N
CeHy _[\|—N)\ s /"\

0 -1 N R’
e — e T
N s
1) R' = H, R = CH,COCHg; 2)R' = R= CH,.

The 5-cyclohexanonyl derivative of 4 (5)-p-nitrophenyl-2-mercaptoimidazole fails to cyclize under
analogous conditions, which, probably, can be explained by the insolubility of this compound in hydrochloric
acid. The ituted derivatives of 4 (5)-phenyl-2 imi with residues of fatty ti
ketones (phenacyl, para- and meta-nitrophenacyl) fail to suffer closure even on prolonged boiling in con-
centrated hydrochloric acid. To cyclize these compounds it is necessary to use powerful water-removing
agents.

A study of the cyclization of 2-B -ketoalkylmercaptoimidazoles and of imidazo-(2,1-b)- thiazole
derivatives permitted us to conclude that the formation of the thiazole ring proceeds under the catalytic in-
fluence of hydrogen fons. This conclusion is in accord with a number of known facts. For example, the con-
densation of carbonyl ds with hydroxylami and semi ides (i. e. with
containing either the amino or imino group) is catalyzed by mineral acids[2). In nearly all cases the forma-
tion of thiazole derivatives, in particular, proceeding from thiourea, the thioamides of carboxylic acids, and
«-halocarbonyl compounds, proceeds easily without need for neutralizing the hydrogen halide that is formed
in the reaction. This also appliesto the known 1 of imi [8-51,

2 imi (5] and ines [3, 6], the ization of which to the
bicyclic and tricyclic systems proceeds in the presence of acidic reagents (glacial acetic acid, concenuated
sulfuric acid, or phosphorus oxychloride).

The catalytic influence of hydrogen ions in the closure of the thiazole ring is supported by the following.

Iinidazo-(2,1-b)-thiazole derivatives are formed when 4(5)-phienyl-2-mercaptoimidazole is heated with
«-halo ketones of either the fatty or alicyclic series in hydrochloric acid, while in aqueous (either alkaline

or neutral) solution 4(5)-phenyl-2- 8 -ketoalkylmercaptoimidazoles are obtained. When boiled in water the
latter fail to cyclize, while in hydrochloric acid at the same temperature they are transformed into imidazo-
(2,1-b)-thiazole derivatives. The boiling of 4(5)-phenyl-2-acetonyls and 4(5)-phenyl-2-( a-methyl) acetonyl-
mercaptoimidazoles in normal butyl alcohol fails to alter these compounds, while their hydrochlorides under
the same conditions are almost quantitatively converted into the of the cyclic

3-methyl imid: 2,1-b)-thiazole and 2,3-dimethyl i ,1-b)- thiazole,

A similar example was described in the literature: the ion of phylline with
chloroacetone in anhydrous alcshol in the presence of sodium ethylate gave 8-acetonylmercaptotheophylline,
while when the heating was done in the same solvent without sodium alcoholate (i. e. under conditions ex-
cluding the neutralization of the acid formed) the cdiresponding purino=(8,7-b)-thiazole was obtained [3].

043R0004000500

It should also be mentioned that the 4(5)-phenyl- and 4(5)-p-nitrophenyl-2- B -ketoalkyl (aryl p
imidazoles obtained by us fail to show cyclization when heated in solutions of alkaline metal carbonates, while
when heated in sodium hydroxide solution they suffer tarring.

The fon of 2-8 can be regarded as being an internal alkylation of
the imino group in the nucleusof the 2-mercaptoimidaznles by the residue of the carbonyl compound, linked
with sulfur; G ly, in the of imid ,1-b)-thiazoles by the cyclization of 4(5)-phenyl-2-
itis ically possible to form two isomers: derivatives of 5-phenylimidazo-
(2,1-b)-thiazole and of 6-p i 2,1-b)-thiazole, while for the imidazo-(2,1-b)-tetrahydrobenzotht -
azole. derivative it is theoretically possible to obtain the cor ing 9-phenyl- and 10-pl i 2,1-b)-
-tetrahydrobenzothiazoles,

Cohs [ €01 TNH GOk
4 CH, -— - CH,
J})\ s CeH l ) 2
NN I, \S/

[ o

C5H3>lj ;=R

s &

°7/kf 2 Cs”i‘l )\ J

N S N S

0,

CaHym—NH . w

(L el A
65 N s

N S
l'“zﬂ l—uzo

e ) u
N s N

However, in the ion of 4(5)-phenyl i with and with 2-chloro-
cyclohexanone in hydrochloric acid solution, the same as in the ion of the

and derivatives of 4(5)-phenyl i into derivatives of i 2,1-b)-thiazol

and of imidazo-(2,1-b)- tetrahydrobenzothiazole, in all cases we were able to isolate but a single isomer. Taking

into consideration the fact that only one isomer is formed in the fon of 4(5)-phenyl-2

imidazole, namely: 1-methyl-4-phenyl imi [7), it could be assumed that the bicyclic

compounds obtained by us are derivatives of 6-phenyli 2,1-b)-thiazole, and the tricy 1 y

imidazo-(2,1-b)-tetrahydrobenzothiazole. To prove the structure of these compounds we synthesized them by
methods, p ing from the ing 2-aminothi and

It s known that 2-ami and its 4,5-substituted derivatives, the same as other heterocyclic
«-amino (2-aminopyridine, 2-aminoquinoline), the amino groups of which form the amidine group-
ing with nuclear (ring) nitrogen, in the alkylation with alkyl halides form N-alkyl derivatives of thiazoline-2-
imides, with alkyls on the nuclear nitrogen atom [8]. The action of Ketones on 2-aminothi
proceeds with the formation of analogous compounds. However, these 3-8 -keto derivatives of thiazoline-2-imides
were not isolated in the free state, since they easily cleave one molecule of water, being transformed into 6-sub-
stituted derivatives of imidazo-(2,1-b)-thiazole [9, 10). The action of a-Halo ketones on 2-aminothiodiazoles
gave [11]: 3-phenacyl-, p-nitrophenacyl- and acetonyl- derivatives of thiadiazoline-2-imides.

The boiling in alcohol solution of equimolar amounts of either 2-aminotetrahydrobenzothiazole, 2-amino-
4,5-dii i or 2 ino-4 i with gave us 10 2,1-
b i 2,3-dimethyl 2.1-b).-thiazole and the known 3-methyl-6-phenyl
imidazo-(2,1-b)-thiazole [9]. These compounds proved to be identical with the substances obtained from
4(5)-phenyl imi and the ing a-halo ketones.
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s a result, it was elucidated that in the cyclization of 4(5)-phenyl-2- 8 -ketoalkylmercaptoimidazoles
into imidazo-(2,1-b)-thiazoles, the same as in the ion of 4(5)-phenyl-2 i the
phenyl group in the 4 position of the imidazole ring is strengthened( the 6 position in the imidazo-(2,1-b)-thiazole
bicyele, and the 10 position in the imidazo-(2,1-b)-tetrahydrobenzothiazole tricycle].

All of the obtained compounds, with the exception of the s 1- and de-
rivatives of 4(5)-p-ni imi were tested in the chemotherapeutical section of the
All-Union Scientific-R h Institute of ical Chemistry for - antibacterial activity (spectum of
16 forms of . No preparations showing consi activity were found among these compounds.

EXPERIMENTAL

4(5)-Phenyl-2-(2'-cyclohexanonyl)-mercaptoimidazole (ID). 10 g of 4(5)-phenyl-2-mercaptoimidazole
\was added @ an alcoholic solution of alkall, prepared from 1.3 g of metallic sodium and 100 ml of 96% ethyl
lcohol and the mixture was heated until complete solution of the substance. 7.9 g of 2-chlorocyclohexanone
\as then added. the solution was heated to 55—60° for 1 hour and 10 minutes at the bofling point of the solvent
(until the reaction was neutral on litmus). After separation of the sodium chloride, the solution was cooled. We
obtzined 10.5 g of compound m.p. 122—123". The mother liquor was evaporated to low bulk and 4.6 g more of
the same compound, m.p. 121~ 122", was separated. The total yield of 4(5)-phenyl-2-(2'-cyclohexanonyl)-mer-
captoimidazole was 15.1 g (97.79). Colorless spindie-shaped crystals from alcohol, m.p. 123—124, soluble in
most organic solvents, glacial acetic acid and in solutions.of mineral acids, difficulty soluble in ether and carbon
tetrachloride and insoluble in petroleuny ether, water and in alkali solution.

By this method we prepared a series of analogous compounds (see ‘€able). If the 2- B-ketoalKly (aryl)-
mercaptoimidazole that formed in the reaction was difficultly soluble in alcohol and partically precipitated,
after completion of the reaction, the mixture was cooled and the precipitate was filtered off and washed with
\ater o remove the sodium chloride or bromide. Concentration of the alcoholic mother solution yielded some-
“hat more of the compound. A1l compounds to be analyzed were recrystallized from ethyl alcohol with the ex-
ception of (VII), which was recrystallized from ethyl acetate.

3-Methyl {dazo-(2,1-b)-thiazole (X). A)2.75 g of chloroacetone was added to a hot solution
of 5 g of 4(5)-phenyl-2-mercaptoimidazole in 80 m1 of 36% hydrochloric acid and the mixture was boiled for

1 hour, The tight-brown solution was then heated with carbon, filtered and cooled. The white precipitate that
formed was filtered off, washed with a small quantity of alcohol and dried. Concentration of the aqueous alcoholic
mother . liquor to low bulk yielded somewhat more of this substance, Yield 6.5 (91.5%) of the hydrochloride of
3-methyl-6-p! i 1-b)-thiazole—colorless needles from alcohol, m.p. 228-232° (with decomp.).
‘addition of ey sodium bicarbonate to the alcoholic solution of the hydrochloride yielded a base: 3-miethyl-6-

p 2.1-b)-thiazole—colorless prisms from alcohol, m.p. 113—113.5". A test mixture with 3-methyl-
6-phenylimidazo-(2,1-b)-thiazole (m.p. 113~113.5°), prepared by condegsing 4-methyl-2-aminothiazole with

The studies were made by S. N. Milovanova and A, A. Mikerina under the su;;ervision of G. N. Pershin.
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-bromoacetophenone according to the method of Kondo and Nagasawa [9), melted at 113~ 113.5°, A test
mixture with 4(5)- phenyl-2-acetonylmercaptoimidazole (I) melted at 8084,

By A solution of 1.7 g of the hydrochloride of 4(3)-phenyl-2-acetonylmercaptoimidazole in 30 ml of
38% hycrochloric acid was boiled for 1 hour and then weated as in the previous experiment. Yield 1.5 g (94%)
of the hydrochloride of 3-methyl-6-phenyli ,1-b)-thiazole, melting range 225—228° (with decomp.)
which in sodium bicarbonate solution yielded a base: 3-methyl-6-phenylimidazo-(2,1-b)-thiazole, m.p. 113-
118.5°.

©) A solution of 1.3 g of the hydrochloride of 4(5)-phenyl-2- acetonylmercaptoimidazole in 20 m1 of
n-butyl alcohol was bolled for 1 hour, The precipitate which formed upon cooling was filtered oif and dried.
Evaporation of the mother liquor to dryness and washing of the crystals with ether yielded somewhat more of
this compound. Yield 1.2 g (99%) of the hycrochloride of 3-methyl-6-p i 2, 1-b)-thiazole,
melting range (from alcohol) 228~ 282" (with decomp.). From the hydrochloride we isolated the base—3-methyl-
6-phenylimidazo-(2,1-b)-thiazole, m.p. 113~113.5°.

hyl-6 2,1-b)thiazole (X1).  A) A solution of 1g of 4(5)-phenyl-2-(a-methyl-
acetony] i in 5 ml of 38% ic acid was boiled for one hour and then neutralized with
sodium carbonate solution. The white precipitate which formed was filtered off, washed with water and dried.
Yield 0.9 g (97%) of 2,3-dimethyl-6-phenylimi 2,1-b)-thiazol Tess flakes, m.p. 167158 (from
alcohol), soluble in ordinary organic solvents, hydrochloric acid, and difficultly soluble in ether and gasoline,
{nsoluble in water and in alkali solution, A test mixture with the initial 4(5)-phenyl-2-(a-methylacetonyl)-mer-
captoimidazole (m.p. 96—91°) melted at 78- 84",

Found %: C 68.46: H 5.24; N 11.89; S 14.06. CygHpNeS. Caled. 9% C 68.37; H 5.33; N 12.27; S 14.05.
Hydrochloride~ colorless needles from alcohol, m.p. 237-239° (turns brown), soluble in alcohol and in water.
Found % Cl13.10, CyHyN,CIS. Cacd. %: Cl 13.40.

B) A solution of 0.6 g of the hy ide of 4(5)-phenyl ptoi in
4m1 of n-butyl alcohol was boiled for 1 hour and then treated as for the preparation of (X) (Method C). Yield
0.55 g (98.2%) of the ide of 2,3-dimethyl-6-pl i 2,1-b)-thiazole, m.p. 237-239° (from
alcohol). A test mixture with the hydmchlcride of the initial 4(5)-phenyl-2-( imi
azole (m.p. 177—178°) melted at 155—158". D ition of the de in sodium bi solution
yielded a base—2,3-dimethyl imi 2,1-b)-thiazole, m.p. 157-158".

€ A solution of 2.55 g of 4,5-dimethyl-2-aminothiazole [12] and 3.9 g of a-bromoacetophenone in 20 ml
of alcohol was boiled for 3 hours, The precipitate which formed upon cooling was filtered off, washed with alco-
o1, then with ether and dried, Concentration of the mother liquor to low bulk yielded somewhat more of this
compound. Yield 6.1 g (92.1%) of the ide of 2,3-dimethyl-p i 2,1-b)-thiazole, decom-
position of which in sodium bicarbonate solution yielded 2 base: 2,3-di
Which after recrystallization from alcohol was in the form of colorless flakes, m.p. 167158 A test mixture
with the compound, prepared by Method A or B, melted at 157-158".

hyl imi 9,1-b)-thiazole,

10-Phenyli 2,1 (X1). A) 1gof 2-ch was added 1o

a suspension of 1 g of 4(5)-phenyl in 35 ml of 19% acid and the mixture was
boiled for 30 minutes, Activated carbon was then added to the light brown solution and it was boiled for 30
minutes more; the hot solution was then filtered and treated as in the preparation of (XI) (Method A). . We obtained
10-| i 2,1-b in the form of colorless needles (from alcohol), m.p. 169°, sol-
ubility as for (XI). A test mixture with 4(5)-phenyl-2-(2* p (111 melted at
115-116°. :

Found %: C 70.73; H 5.41; N 11.24; § 12.53, CgHyNgS. Caled. %: C 70.82; H 5.55; N 11.02; S 12.61.

Hydrochloride— colorless flakes (from alcobol), m.p. 273=274" (in a sealed capillary), soluble in water
and in alcohol.

Found %: C112.00. CyHyN;CIS. Caled. %: C112.20.

Sanitized Copy Approved for Release 2010/07/20 : CIA-RDP81-01043R000400050005-3



043R0004000500

B) A solution of 0.8 g of 4(5)-phenyl-2-(2' i in 8 ml of 38% hydro-
chioric acid was boiled for 1 hour and then treated as in the previous experiment.  Yield 0.72 g (97.3%) of
i ,1-b)-tetr i m.p. 168—169° which after recrystallization from alcohol

9.69
927

1119 1273
930| 11.05

10.44| 1201
1228

15.48| 11.51
1408| 1098

P!
was in the form of colorless needles, m.p. 169°.

C) A solution 0,59 g of 2-amino-4,5,6,7-tetrahydrobenzothiazole [18] and 0.75 g of a-bromoaceto-
phenone in 10 m1 of alcohol was boiled for 3 hours. After cooling, ether was added to the colorless solution
and the precipitate that formed ( ide of 10-phenylimi 2,1-b)-tetr (1.2,
907%) was filtered off, washed with ether and decomposed in sodium bicarbonate solutlon. We obtained
10 imi 2,1-b)-tetr i in the form of colorless needles from alcohol, m.p. 169°.
‘A test mixture with the compound, prepared by Method A or B, melted at 169°.

1381/ 61.82| 515 | 11.72| 1370
945| 59.94| 384 | 1250

945| 59.96| 4.01

Analysis

SUMMARY

952| 1090| 6939 470
1325 m.miss.ev 481 | 1324] 986
|

1239

1. The reactions of 4(5)-phenyl- and 4(5)-p-nitrophenyl-2-mercaptofmidazoles with a-halo ketones
of the fatty, fatty-aromatic and alicyclic series gave 2-B-ketoalkyl (aryl)-mexcaptoimidazoles.

Cl 13.22. Semicarbazone—colorless

Calculated (%)

9. The reaction of 4(5)-phenyl-2-mercaptoimidazole with a-halo ketones of either the fatty or alicy-
clic series in hydrochloric acid solution, or under boiling of the corresponding 4(5)-phenyl-2- 8 ~ketoalkylmer-
ptoimi in acid, gave ituted imid ,1-b)-thiazole and imid; ,1-b)-tetra-
hydrobenzothiazole derivatives. The stucture of these ds was ished by their coincident syn-

thesis from the corresponding 2-aminothiazoles.

CyHgON,CIS. Caled. %: C110.72.
Br 21.63. CyfHgON;BrS. Caled. %: Br 21.30.

1207
24618 | 63.37| 573 | 11.38| 13.03| 63.43| 5.67

27220 | 66.13| 5.92 | 1029| 1178 65.85| 577
C112.40. CygHsONCIS. Caled. %: C1 12.54.

29418 | 69.34| 479
339.18 | 60.14| 3.86 | 1239

23216 | 62.03| 5.21
31720 | 56.74| 4.76

3. The catalytic influence of hydrogen fons for the closure of the thiazole ring in the cyclizations
of 4(5)-phenyl-2-8 i into imidazo-(2,1-b)-thiazoles was shown.
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AMINOACRIQUINE AND ITS ANALOGS

A. M. Grigorovsky and T. A. Veselitskaya

A large number of acridine derivatives are characterized by diverse biological acttivity (antviral,
bactericidal, antimalarial, anti ic, etc.); in this only a few acridine compounds, showing
high activity, possess relatively low toxicity. Such compounds have found use as medicinal agents (acriquine,

rivanol, trypaflavin, ete.).

4 compound synthesized in the USSR with a structure close to that of acriquine is aminoacriquine:
2-methoxy-6-chloro-7-ami 4 i i ide [1], which
shows highly diverse biological activity. .

NHCH(CH;)CHy CHyCHyN(CoHs

HN

OCH,
~ 5/21&@3
{a Y A\
J N

In experimental avian malaria it was shown that aminoacriquine possesses the same activity and is
Less toxic than acriquine [2). Aminoacriquine was tested with positive results as an agent for the treatment
of i flagellates (in ical practice) [3]. Positive results were also obtained in the treat-
ment of theileriosis in major farm animals with aminoacriquine [4]. Recently it was established that amino-
acriquine, both experimentally and clinically, is extremely effective in the weatment of various vermicular
diseases in both humans and animals [5=17].

Acriquine, analogs close to aminoacriquine in structure, not substituted in position 7, containing the
substituents OCHy and Gl in the 2 and 6 positions of the acridine ring, and a dialkylaminoaklylamine residue
in the 9 position, have been synthesized in extremely large number and have been tested, in comparison to
acriquine, for their antimalarial activity [8, 9]. Similar amil ine analogs, the NH-group
2s additional substituent in the 7 position of the acridine ring, up to now have remained unknown and have
not been tested for their biological activity.

In this communication we describe a number of such compounds, more readily available than amino-
scriquine tself, We synthesized these compounds for the purpose of studying their biological actvity, in

son to ami ine. The thoxy-7-nitro-6,9-di needed for the synthesis of
aminoacriquine and its analogs was obtained by the method described earlier [10]. This compound cannot
be obtained from 2 y-6,9-di ine, an Intermediate in the ion of acriquine, by its
nitration, since the mixture of nitro compounds obtained here p contains the nif i
chloroacridine in which thenitro group is found in other than the 7 position. For the most part the necessary
diamines were prepared without difficulty by known procedures.

An atempt was made by us o improve the synthesis of 1-dialkylamino-3-aminobutares from the
readily accessible 1,3-dialkylaminoketones [11]. The catalytic reductive amination of 1,4-dialkylaminoke-
tones ieads t© varying yields of 1,4-diamines. However, in the case of the 1,3-dialkylaminoketones, with
this method we were able to obtain the 1,3-diamines only in insignificant yield, since here most of the sub-
stance suffered cleavage with the formation of dialkylamine and 2-butanol. This agrees with other similar
observations made on the behavior of 1,3-aminoketones in reduction reactions [12]. . The synthests of the
1,3-diamines is best realized through the aminoketone oximes, and in this connection the catalytic reduction
of the oximes fails to gve a better yield of the diamine than when sodium in alcohol is sed for the reduction(13).
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To obtain the 1-diethylamino-4-aminobutane it proved most expedient to reduce the corrosponding diethyl-
aminobutyronitrile with hydrogen in the presence of nickel catalyst.

dine was run in phenol

The condensation of the diamines with 2 thoxy-7-nitro-6,9:
medium by the generally accepted method [1, 10, 13]. The nitro compounds were reduced with stannous
chloride in aqueous-alcohol hydrochloric acid 1, 14]. Catalytic reduction with hydrogen in the presence
of nickel can also be successfully used here. We used the latter method to prepare large amounts of amino-
acriquine for an extensive study of its practical applications. The reduction is run at low temperature, since
under these conditions the chlorine contained in the substituted nitroacridine molecule remains intact.

Aminoacriquine and its analogs favorably differ from related compounds, not having the amino group
as substituent in the 7 position, in that their hydrochlorides are more stable in water solutions, while biologi-
cally they show lower toxicity. This possesses essential importance for the preparation and practical utili-
zation of these compounds.

High antimalarial activity was shown i (data of A. V. St a) by the
analogs—the dihydrochlorides of 2-methoxy-6-chloro-1-amino-9-(1-diethylamino-2-hydroxypropyl)- amino-
acridine and of 2-methoxy-6-chloro-7-amino-9-(1 ine. The
index for the last compound was determined to be 2.8, while for aminoacriquine it is 1.78; the fndex for acrl-
quine is equal to 1.0, Making the aminoacriquine molecule either simpler or more complex, on the basis of
changes made in other than the 9 position, leads to loss inantimalarial activity. Our ized ino-9

fno-4 . and 2, h hl in0-9-(1 ino-4
methylbutyl)- aminoacridine proved to be inactive in the experimental weatment of avian malaria (A. V.
Stoyanova).

EXPERIMENTAL

Nitration of 2-methoxy-6,9-dichloracridine. A mixture of 3 ml of nitric acid (d 1.5) and 6 ml of
sulfuric acid was added to a solution of 20 g of 2-methoxy-6,9-dichloracridine (m.p. 160—161°) [13] in
120 m1 of concentrated sulfuric acid at 25°.  The mixture was stirred for 1.5 hours at 50° and after cooling,
was poured on ice and neuralized with ammonia solution. The washed, dried niwration product (23 g) was
dissolved with heating in 800 m1 of dichloroethane, Upon cooling, 9 g of crystals (m.p. 225—228") came
down; a second crystallization from dichloroethane ylelded 6.4 g (27%) of nitromethoxydichloroacridine
crystals. Yellow needles, m.p. 241—242° [10]; m.p. 272~273" for 4-nitro isomer [14].

Found %: .N 8.55; Cl 21.88. CyHgOsNyCly. Calcd. %: N 8.65; C1 21.91.
Diamines

The following dialkylaminoaklylamines were prepared: 1,2-diethylaminoaminoethane from ethanol-
amine [13]; 1,3-di inoami from diethylamil chloride [13); 1-diethylamino-2-hydroxy-
3-aminopropane from ethylene in [15]; 1-di ino-4-ami by catalytic reduction of
dietl inobutyrenitrile; 1 incbutane by reduction of oxime of dimethylaminobutan-
one. 1,4-Diethylamincaminopentane was obtained from preparation of acriquine.

methylam minobutane. The oxime of the aminoketone was prepared by the method glven
previously for the diethylamino compound [18); the oxime was a viscous, colorless liquid, b.p. 136137
(3840 mm). A solution of 35 g of the oxime in 100 m1 of absolute ethyl acetate was reduced with hydrogen
in an autoclave at 70—85° in presence of 6 g skeletal  nickel catalyst. The initial hydrogen pressure was
15 atm. From a solution in ethyl acetate, the diamine was extracted with 10% acetic acid; the solution of
the diamine salt was evaporated down, the diamine was separated with solid alkali, ciied by it and distilled.
We collected 16 g (49.2%) of the fraction which boiled at 132~ 137 and contained 96.6% of diamine (¢
0.8122, 1) 1,4322).

1-Dil i i 166 g of y -di i itrile [16], b.p. 93-94° (13 mm),
410 m1 of 12}, ammonia solution and 15 g of a slurry of skeletel Ni - catalyst were placed in an autoclave.
The autoclave was filled with hydrogen until the pressure was 20 atm. The hydrogen was vigorously absorbed
upon stirring at 90—105°. From time to time additional hydrogen was fed in. After absorption of hydrogen
ceased, the reaction solution was cooled and filtered free of catalyst and the diamine was separated from the
filtrate by dissolving solid caustic soda in the filtrate. *The remaining diamine was steam- distilled from the

043R0004000500

alkaline solution. The alkali-dried diamine was vacuum-distilled, ‘Yield 135 g (80 %) of 1-diethylamino-4-
aminobutane, boiling range 89-93° (27 mm) which was the main fraction. By acidometric titration with
methyl red as an indicator the content of 1-deithylamino-4-aminobutane in this fraction was determined to
be 98.9%.

Methoxy-6-chloro- 7-nitr with various fn the 9 position, were prepared by
means of a general method: 2-methoxy-1-nitro-6,9-dichloracridine was heated with the diamine (small
excess) in a phenolic medium at 100° for 2 hours, The reaction mass was then poured into a 10% alkali
solution; the nitroacridine base was washed with 2% alkali solution, with water,and crystallized from the
solvent, (mainly, from dry acetone) (in certain cases water was added to the resulting solution).

Meth hloro-7 9 was prepared by the method that A, Albert recommended
for the preparation of 9-aminoacridine [17..

The prepared nitroacridines are described in Table 1, which shows that as the number of carbon atoms
in the “chain® increases at position 9, the melting point of the compound fails, the solubility in acetone

TABLE 1

9 i i idines of General Formula
R

NN OCH;

|
QN — S
)

N

Substituents General formula| __Analysis (in %) Properties
calculated N | found N

9-Amino-, CyqHygOgNCl 13.83 18.71 | Red crystals from nitro-
benzene (1:200), m.p.
298-300"
9-B-Diethylaminoethylamino-, |CygHysOgN,CL Bright red crystals from
acetone (1:75), m.p.
187-188°
9-y-Di i il 5 Dark red needles from
acetone (1:20), m.p.
150-151°
9-y-Di i CyHpsO4N,Cl 12.9 13.0 Red crystals from aceto)
propylamino-, ) (1:20), m.p. 145-146°
9-y-Di lami CyoHpg05N,C1 - H,O 13.3 12.91, Fine red crystals from
propylamino-, H;0 428 | H,0 4.49 | acetone (1:5), m.p.
135-136°
9-6 -Dil i i CypHpyO5N,CL - H,O 12.6, 12.59, | Dark red needles from
H0 4.0 H0 4.8 | acetone (1:25), m.p.
133-134°

increases and the formation of crystals becomes more difficult, The described nitroacridines form salts with
acidsthatare soluble in water. Even upon brief boiling of the aqueous solutions of the hydrochlorides of sub-
stitated 7-nitroacridines, hydrolysis takes place and hox hl 7-ni idil ipi out,

Meth hl

7-ami ines with vari in the 9 position were prepared from
nitto compounds described in Table 1 by reduction with stannous chloride and slight modifications of the
given for the [1]. The i base, this

of
time, {mmediately dissolved in acetone and from the filtered solution the hydrochloride was obtatned by
acidification with a mixture (1:9) of concentrated hydrochloric acid and acetone. For characterization of
the base, it was obtained from the aqueous solution of the salt by addition of caustic soda solution. The
prepared compounds are described in Table 2. .
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TABLE 2

of General Formula

Substituents

General formula

| _Analys
calculated

)
found

Properties

9-Amino-
Dihydrochloride

9-B-Dij

CyHgONgC1
CyHgONyCl- 2HCL

CagHagONCl

Dihydrochloride

9-y-Diethylaminopropyl-
amino-
Dihydrochloride

9-y -Diethylamino-6 -hydroxy-
propylamino-

Dihydrochloride

9- -Dimethylamino- c.-methyl-
propylamino-

Dihydrochloride

9-5 - Diethylaminobutylamino-

Dihydrochloride

The hydrochlorides of the
were soluble in the ratio 1:60-1:100 parts, Le., slightly less than acriquine and aminoacriquine (1:30). Aqueous

CygHggONCl- 2HCL
CaHsONCl
C iHy7ON,Cl- 2HC1-

- 2H,0
CoablpiOp NyCL

Gy Hyf0N,Cl - 2HCI
+3H0

CygHysON,CL

CyyHysON,Cl* 2HCI-
- 3H,0
CigHgsONCl

CoyH3yON,Cl- 2HCL-
H;0

C112.86
N 10.91
N 15.0
cris.9
N14.48
crias,
H,0 7.26
N13.9
cI'18.18,
H,0 10.18
N15.0
C1'14.02,
H;0 10.0
N 13.97

N 11.38,
H,0 8.66

c112.89
N 10.84
N 148
CI15.45
N 14,41
criais
H;0 8.07
N 13.75
Ccr'12.85,
H,0 10.63
N 15.05
CI'14.15,
H;0 9.16
N 13.99

N 11.20,
H;0 8.49

Yellow-brown powder from
CH;OH + H,0, m.p. 250-252°
Yellow-orange powder, m.p.
304-306° (decomp.)

Golden scales from acetone-
water mixture, m.p. 190-191°
Orange-yellow powder, m.p.
240-242° (decomp.)
Yellow-green powder, m.p.
145-146°

Orange powder, m.p.

280-282° (decomp.)
Yellow-green, fine crystalline
powder, m.p. 136-137"
Orange powder, m.p.

272-274° (decomp.)

Yellow powder, m.p.

160-162°

Orange powder, m.p. 272-274'

Yellow crystals, m.p. 118.5-
119.5°

Orange-yellow needles, m.p.
268-270° (decomp.)

aminoacriquine analogs were readily soluble in hot water; in cold water they

solutions of amfnoacriquine and its analogs remained transparent upon being heated (100°) for several hours;
under these conditions, consequently, the compounds did not hydrolyze.

2-Amino-9-(1-diethyl

ino-4-methylbutyl

The reaction of 2-nitro-9-chloroacridine
and 1-diethylamino-4-aminopentane in phenolic medium yielded 2-nitro-9- - diethylamino- a-methylbutyl-
aminoacridine as bright red cubes from ether, m.p. 80-81°.

Found %: N 14.07; HpO 4.2. CsyHpyOpNy-H,0. Caled. % N 14.06; HyO 4.5.

Reduction of the nitro

in0-9-(1.

yielded 2

which was isolated as the hydrochloride, a yellow powder which was readily soluble in water, m.p. 165-168".

Found %: Cl' 16.74 (potentiometrically). CyyHgyNg- 2HCL. Caled, %: Cl' 16.77.

2,3-Dimethoxy-6-chl

ino-9-(1

4

« 3',4'-Dimeth

4-ni

+ Carried out with the participation of S. S. Kogan.
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acid was prepared by the general scheme from 2,4-dichloro-5-nitro-
benzoic acid and 4-aminoveratrole. The acid was in the form of dark yellow needles from alcohol, m.p. 240-242°,
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Found % N 7.78. CyHyOgNeCl. Caled. % C 17.94.

2,3-Dimethoxy _-6-chloro-7-nitro-9-chloroacridine. It was prepared from the preceding acid and
phosphorus oxychloride in the same manner as other similar compounds; yellow-green needles from dichloro-
ethane, m.p. 240-241°.

Found % N 7.81. CyHyONeCly: Caled, %: N 7.93.

2,3-Dimethoxy-6-chloro-T-nitro-9-(1 4

It was synthe-
 crystals from

sized from the preceding and 1
acetone, m.p. 94-95°

Found %: N 11.72. CpHyON,Cl. Caled. %: N 11.79.

2,3-Dimethoxy-6- chloro - 7-amino-9-(1 4 dine. It was pre-
pared in the same mauner as the other related compounds, The substance was isolated in the form of the
orange hydrochloride, readily soluble in water, m.p. 130-132".

Found %: N 10.81. CpgHgsOpN,Cl-2HCI. Calcd. %: N 10.86.

Aminoacriquine +

4 )-amino-

2.5 liters acetone, 500 g th hl itro-9-(1
acridine (base o1 7-nitroacriquine [1]) and 125 g skeletal Ni  catalyst in the form of a slurry were placed
in an enameled autociave. The air wasremoved from the autoclave with niogen or hydrogen. Hydro-
genation was carried out at a of 22-26°. The i fon of hydrogen was from a cylinder at
a pressure of up to 1 atm. The absorption of hydrogen (80-82 liters) was continued for 1215 hours. The com-
pletion of the reaction was judged by decrease in the hydrogen absorption. The reaction mass was filtered
and the filtrate was wansfered to an enameled  boiler, externally cooled with ice water. When the temper-
ature of the mass reached 4-5°, a mixnme of concentrated hydrochloric acid and acetone (1:9) was added
through a dropping fimnel with stirring until the pH was 6.0. 1300 ml of the above mixtwe was consumed.

Aminoacriquine was isolated In the form of orange-red crystals which were washed with acetone
(500 m1). The compound was dried first at room temperature and then at 60-80°. Yield of aminoacridine
LON,C1- 2HCles 460 g (84%), m.p. 269-260° (decomp.).
The allowable moisture content of aminoacriquine that is prepared for practical use is 8% Below
are given the analytical data of separate serfes of synthesi i
Found (recalculated on dry substance) % N 11.3-11.5; CI' 14.3-14.5; CI (total) 21.4-21.9.
CpyHyuON,Cl- 2HCL. Caled. %: ‘N 11.48; CI' 14.54; Cl (total) 21.8.

SUMMARY

1. The properties shown by aminoacriquine and its analogs permit considering this series of acridine
derivatives as possessing great Interest relative to studying their inherent biological activity.

2. A number of new acridine deriyatives, analogs of aminoacriquine, have been described. These
new compounds were synthesized for the purpose of studying their biological activity, in comparison to amino-
acriquine.

3. In the last step for the synthesis of aminoacriquine and its analogs it is expedient to realize the

catalytic reduction of the preceding nito compounds with hydrogen in the presence of nickel, under mild
where of the cannot occur.,
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OXIDATIVE ACTION OF SOME ACYL PEROXIDES

G. A. Razuvaev, L. V. Stupen and K. S. Minsker

Recently a paper was published by Cooper [1] on the synthesis of peroxides from hydroxycyclohexyl hydro-
peroxide and acid chlorides, for which the author gives the formulas:

<’ ><:)— O—COR <j4>€- COR
— —0—COR —O—COR.

M (1)

[y
mI 0.1 N Na,S,04
- o S =

- N W
N

g
i3
«
Z
z
]
S
g

S 1 o cww w7 W i
Time(min) Time (hours)

S,

Fig. 1. Oxidative action of benzoy! (BP) and Fig. 2. Oxidative action of hydroxycyclohexyl
acetylbenzoyl (ABP) peroxides. hydroperoxide derivatives. BCP—benzoyl deriv-
ative; ACP— acetyl derivative,

On the basis of the high amount of iodine evolved from HI the author expresses himself in favor of Formula
(I). Working with peroxides, we also analyzed them iodometrically. We prepared two peroxides—the acetyl
derivative (ACP), with m.p. 71°, and the benzoyl derivative (BCP), with m.p. 80-80.5°. The peroxides were ob-
tained by the Cooper method from twice recrystallized hydroperoxide with m.p. 79°. The determination made
by us showed for BCP (R = CgHj), a 70.3% content of Form (I), but for ACP (R = CHjy) the amount of peroxide
(1) found was equal to 99.3%,

In the iodometric determinations the exceedingly slow iodine liberation drew our interest. Operating in
dichloroethane solution containing acetic acid, we compared the oxidative action of the peroxides ACP and BCP,
and also of benzoyl (BP) and acetylbenzoyl (ABP) peroxides, the latter having m.p. 38°, on the reaction for the
liberation of iodine from KI. For the last two peroxides the iodine liberation is completed in several minutes
(Fig. 1), while with ACP and BCP a considerably longer time is required (Fig. 2). For these peroxides the iodine
liberation rate can be satisfactorily expressed by the equation: y akrarel) where y is the number of milliliters

of 0.1 N Na,S,04 solution required for the titration; x is the time of titration in minutes from the start of the
reaction; and a and b are coefficients, different for ACP and BCP (for ACP at 22° awas found to be equal to
49.2, andE was found to be equal to 0.0857).

It is interesting to mention that despite the great difference in the rates of iodine liberation from KI, the
peroxides ACP and BCP are powerful initiators for the polymerization of styrene [1]: they concede nothing to
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either BP or ABP in their strength of action.

The difference in the rates of the oxidation and polymerization reactions should be explained as
being due to a difference in their ism: the rate of the zation reaction is ined by
the decomposition rate of the peroxides into radicals, while the oxidative action proceeds through an ionic .
mechanism. ? SYNTHESIS AND POLYMERIZATION OF THIOESTERS OF METHACRYLIC ACID

EXPERIMENTAL

The recrystallized peroxide was dissolved in twice distilled dichloroethane, 10 ml of the peroxide M. M. Koton, T. M. Kiseleva and K. S. Podgorskaya

solution, 3.5 m1 chemically pure glacial acetic acid and 11 m1 of 5% KI solution in methanol were placed
in a flask with a ground stopper. The methanol had been previously treated with activated charcoal and !

twice distilled, The mixture was kept in the dark and the iodine which formed was titrated with 0.1 N B O the great nurmber of acrylic and methacrylic acid derivatives that have been studied, there is hardly
hyposulfite solution. - Control samples were worked side by side. } an ion on the sulfur ing dertvatives of these acids. Only the thiodiglycol ester of dimethyl-
acrylic acid has been described [1], and very brief mention [2) has also been made of the synthesis of acrylic
acid thioesters as colorless liquids with unpleasant odor, and a strong tendency for polymerization. We were the
TABLE fiirst to synthesize the thioesters of methacrylic acid, starting from benzyl mercaptanand thiophenol. The thio-
esters of methacrylic acid polymerize with great ease, even when stored at temperatures below 0°, to yield
brittle colorless polymers with a disagreeable odor.

The analytical data are given in the table.

Investigated compound | Peroxide (in g) | Solvent (ing) | Time attaining equili- Found peroxide
brium (n %)

44111 3 min. 99.4 i

398.09 5 min, 9.0 ] mge 1 00°
1470.00 99 hrs, 99.3+

429.70 22 hrs, 70.3+

I J0°

11 100°
1 90°
1. The oxidative action of BP, ABP, BCP and ACP on the rate of iodine liberation from KI was in- W 100°
vestigated. It was established that an exceedingly great difference exists in the oxidation rates of BP and /v

ABP (3-5 minutes) and of BCP and ACP (20-100 hours).
/11

SUMMARY

Polymer (%)

€
g
E
=z
3
&

2. A mathematical equation was given to express the oxidation rate when BCP and ACP are used. 72 3 A hours) 40 80 120(min)

3. The initiating action rate is completely independent of the oxidative action rate, which is explained Time Time

by a different mechanism for the two processes. Fig. 1. Polymerization of methacrylic acid esters. Fig. 2. Polymerization of methacrylic acid
esters at 70° in the presence of 0.1% benzoyl

LITERATURE CITED . 1) Benzyl ester; II) thiobenzyl ester; III) phenyl peroxide.

ester; 1V) thiophenyl ester.
[1] W. Cooper, J. Chem. Soc, 1951, 1340. 1) Benzyl ester; 1) thiobenzyl ester; III) phenyl
- ester; 1V) thiophenyl ester.

Recelved uly 10, 1995 It seemed of interest to us to study the effect on the polymerization tendency of replacing the oxygen
atom in the phenyl and benzyl esters of methacrylic acid by the sulfur atom. For this purpose we studied the
+ Recalculated on basis of Formula (I). polymerization of the four methacrylic acid esters:
CHy=C(CHy)CO-O—CHyCglls (I,  CH=C(CHy)CO-S—CHyCgHly (D),
CH,=C(CHy)CO-O—Cgls (I,  CH=C(CHy)CO—S—CgHly  (IV)
at 80, 100 and 110° in the absence of initiators (Fig. 1), and at 70° n the presence of 0.1% benzoyl peroxide
(Fig. 2). From Figs. 1 and 2 it follows that the benzyl and thiobenzyl esters of methacrylic acid polymerize
with considerably greater ease than do the corresponding phenyl and thiophenyl estefs; here benzyl methacrylate
(1) polymerizes at a rate 1.5 times that shown by thiobenzyl methacrylate (IT).
A comparison of the phenyl and thiophenyl esters of methacrylic acid shows that {n this case the replace-
ment of the oxygen atom by sulfur leads to consi in the ability; on the
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average the thiophenyl methacrylate polymerizes 5 times more rapidly than does phenyl methacrylate (III).

4 study of the intinsic viscosities [ 1 of the polymers shows that the pheayl methacrylate polymers
possessthe highest (1] value, and the thiobenzyl methacrylate polymers the lowest (cf. table).

EXPERIMENTAL

Thiophenyl methacrylate was prepared by reacting thiophenol with methacrylyl chloride in alkaline
solution as per equation:

CHy=C(CHy)COCI + C¢HgSH + NaOH — CHy=C(CHg)CO~5~CgHg + NaCl + H,O0.

10 g of thiophenol was dissolved in 100 ml of 5% caustic soda solution. 10.5 g of methacrylyl chloride
was then added in the course of 30 minutes, drop-wise, with stirring and cooling (in ice) and the liquid was
stirred for 1 hour more at room temperature. The reaction mass was extracted with ether, the ethereal solu-
tion was washed with water until neutral reaction was obtained and then dried over anhydrous magnesium
sulfate, After removal of cther, the residue was vacuum-distilled. Yield 8 g (56%) of thiophenyl methacry-
late a colorless transparent liquid with an unpleasant odor, b.p. 106-107° at 4 mm, 117° at 8 mm, nj} 1.5785,
o3 15774,

Found %: S 17.68. CyHy0S. Caled. %: S 17.98.

Phenyl methacrylate was ized similarly from chloride and phenol [3] in the form

of colorless liquid, b.p. 80-82° at 4 mm, nf) 1.5163 () 1.5156 [3)).

T Thiobenzyl methacrylate was prepared similarly
L ul o 10.5 g of methacrylyl chlo-
| 000§ 10 ride was added to 12,5 g of benzylmercaptan, dissolved

I 100 m1 of & i i
Benzyl methacrylate 131 0.96 in 100 ml of 5% caustic soda solution and treatment was

Thiobenzyl methacrylate | 0.14 0.13
Thiophenyl methacrylate | 1.46 1.42
Phenyl methacrylate - 1.80

Name

carried out as above. Yield 9.8 g (48%). Thiobenzyl
methacrylate was a colorless transparent liquid with an
unpleasant odor, b.p. 119-120° at 4 mm, 130° at 6 mm,
nf§ 1.5681.

Found %: § 16.73. CyHpOS. Calcd. %: S 16.67

Benzyl methactylate [3] was prepared similarly from benzyl alcotiol and methacrylyl chloride; it was a
colorless liquid, b.p. 104-106° at 6 mm, nf3 1.5143 (1.5140 (3]).

4 study of the polymerization of the above esters of methacrylic acid was carried out in sealed glass
ampoules, heated in an oil with precise ion of temperature +0.2°. The which
were placed in ampoules were subjected to multiple freezings in dry ice and vacuum treatment in order to
remove atmospheric oxygen. The yield of polymers was determined by a method involving precipitation
with methanol from chloroform solutions.

SUMMARY
1. The previously unknown phenyl and benzyl thioesters of methacrylic acid were synthesized.

2. It was shown that the phenyl and benzyl thioesters of methacrylic acid are easily polymerized, both
in the presence of benzoyl peroxide and in the absence of initiators.

LITERATURE CITED
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HETEROCYCLIC COMPOUNDS
35. CONDENSATION OF TETRAHYDRO-y -PYRONES AND TETRAHYDRO-y - THIOPYRONES WITH
ORGANOMAGNESIUM AND-LITHIUM COMPOUNDS

1. N. Nazarov and E. T. Golovin

As 1s known, -plperidones are easily reduced to secondary y-piperidols [1-3], but react very poorly as
Grignard reagents halides and aryl {um halides) and in this connection give the cor-
responding tertiary y -piperidols only in very low ylelds. In order to run this reaction with satisfactory results
it is necessary to use organolithium compounds, as was shown in previous papers from our laboratory and by other
investigators (4, 5].

AL of the terahydro-y - thiopyranols known up to now have been obtained from tetrahydro-y ~thiopyrones,
efther by reduction with 6] or by with Grignard reagents [6-9]. Tetrahydro-
y-pyranol has also been obtained by the hydmgenauon of y -pyrone on Raney nickel catalyst [6].

It was i earlier that y-pip y- and y-pyrones i
the presence of pulverized potassium hydroxide condense with acE(ylene and with vinylacetylene, giving the
acetylene and vi alcohols in high yields [7, 10-12].

HO CH=CH, HQ CiHe

/\‘ H N/ ‘
Ko TR /L/<
X X

HO CgHy
N/
" \/W
Pd w Pt i <
/\)(\

X=NR, §, O.

Heteroeyelic vinyl alcohols are obtained when acetylene alcohols are selectlvely hydrogenated in the
presence of palladium catalyst, while under exhaustive hy were
obtained. The latter were also obtained by the action of bmmlde on yelic y -ketones,
The vinylacetylene alcohols were hydrogenated in the-presence of either palladium or platinum catalyst to the
corresponding butylcarbinols, which were also obtained by the action of bromide on

y-Ketores.

In 1950 an attempt was made to synthesize the esters of 4 pyran-4-ol [13]). With-
out doubt, the preparation of such compounds is of great interest, since they are the sulfur analogs of the esters
of 4-phenyl-4-piperidols, showing, as is known, exclusively high analgesic activity [4, 5.

bromide and phenyllithium
@, 2,2-di 4

For this purpose we ium fodide, p
with the following heterocyclic y-ketones: 2,
(I and 2,2 pyrone (lII):
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1 |
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e N \en,
Y
(m

(1) (trans-1somer) with p bromide

fon of 2,5 iop
KR i 4-o0l (l(l) in 41% yield, which was also obtained in 65% yield

9.5-dimethyl-4

gave y
by the action of phenyliithium on ketone ().

CaHy OH
I v
ERAN camene en |
‘\) cn, O L eH,
§
™

he obtained phenylthiopyranol (IV) with potassium permanganate in acetone solution

tion of tl
K nd two sulfone diastereoisomers of the

In the presence of 10% sulfuric acid gave the corresponding sulfoxide (V) a
trans- series (VI) and (VID):

CgHy OH Gy

CH— cH—{ Y

Ol "o 5
v y

i oo &
%) i v

er phenylmagnesium bromide or of phenyllithium on rans- 2,5-dimethyl-

As a result, the action of eith y!

i i trans-2,
tetrahydro-4- thiopyrone () gives a mixture of both
py‘ran-yé—ols which we were able to separate as their crystalline sulfones (V1) and (VID.

‘The action of either iodide or of pl i bmmlde on 2,2

i 4 1) ively, gave 2,

: u;mxgnfa;;);:?df E hyl-4-pl D iiopy 1 (IX) (687 yield), 2,2,4-trimethyltetra-
it ; i 4 6% yield):

hydropyran-d- ol(X)(ed%vxeld) and 2, 1 (X1) (76% yield):

R OH
\¢
<

[ ] em
Y \eH,
REE=

2,2-Dimethyl-4 i 4-0l (IX) was quan y converted into the sulfone (XII)
ne solution in the presence of 10% sulfuric acid.

by oxidation with pmass)um permanganate in aceto

n all cases the organomagnesium compound was taken in 20% excess of the amount required by theory.

reactive with

It should be ment joned Lhu[o the heterocyclic y -ketones taken for reaction the least
f clic y -ketones taken for reaction
; As can be seen

ds proved to be 2, .

respect to org P )
from the experir data, in its with phe:

bmmme a prolonged boiling (15-20 hours)
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tion 7 reauired to.nchiave 2 400 yield of the corresponding 2lcohel, and even with
pheny.mmum the yxeld of the phenylthiopyranol (IV) fails to exceed 65%. At the same time its 2,2-dimethyl-
substituted isomer (1) reacts with phenylmagnesium bromide, under 2-hour boiling of the reaction mixture,
1o give the corresponding alcohol in 68% yleld, while the 2,2-dimethylteurahydro-4-pyrone (LI reacts with
phenylmagnesium bromide even at room and gives the p (X1) in
6% yield.

The heterocyclic y- alco}mls obtained by us can be distilled without and
are stable to storage. 2,5-Di 4-o0l (IV) and 2,2,4
pyran-4-ol (X) represent emamely viscous liquids, 2,2-Dimethyl-4-p pyran-4-ol (IX),
2,2-di 1-4-ph P 1 (XD) and 2,2,4-tri -4-o0l (VIII) are
crystalline substances.

The sulfoxide (V) and the sulfones (V1, VII and XII) are completely odorless crystalline substances,

A1l of the described y -alcohols, and also the sulfoxide and sulfones of the phenylthiopyranols, are
insoluble in water, For this reason we were not interested in preparing the esters of these alcohols, since
they cannot be subjected to pharmacological testing.

EXPERIMENTAL

2,5- Dimethyl-4-phenylteuahydrothiopyran-4-ol (IV). a) A solution was made up in a 3-necked
flask fitted with stirrer, reflux condenser with calcium chloride tube and dropping funnel of 1.5 g of magne-
stum £ingsand 9.5 g of bromobenzene in 20 mi of absolute ether. A solution of 7 g of 2,5-dimethyltetra-
hydio-4-thiopyrone (1) (trans-isomer, m.p. 71°) in 25 m1 of absolute ether was then added drop-wise with
continual stirring and ice-water cooling to the above solution. The reaction mixture was stirred for 1 hour
at room temperature and for 15 hours at the boiling point of ether. The magnesium alcoholate which formed
upon ice water cooling was decomposed with dilute hydrochloric acid (1:1) until complete solution of the
precipitate. The ethereal layer was separated and the aqueous layer was extracted with ether. The com-
bined ethereal extracts were dried over sodium sulfate. The ether was driven off and the residue was vacuum-
distilled. ‘Yield 4 g (37%) of 2,5-dimethyl-4-phenyltetrahydrothiopyran-4-ol (IV) in the form of viscous
liquid with the odor of the thio compound, b.p. 123-124° (2 mm).

Found %: C 70.56, 70.57; H 8.23, 8.23; § 14,22, 14.09. CyyH,,08. Calculated %: C 70.30: 118.11;
S 14.4v,
4.2 g of initial thiopyrone (I), b.p. 58-62° (3 mm) was returned, crystallizing in the recelver. After
recrystallization from alcohol, it had m.p. 67-69°.

b) A solution of 7 g of 2,5-dimethyltetrahydro-4-thiopyrone (1) fn 25 ml of absolute ether was added
drop-wise with constant stirring and ice -water cooling to a solution of phenylmagnesium bromide, which

was prepared from 1.5 g of magnesium and 9.5 g of bromobenzene in 25 ml of absolute ether. The reaction
mass was stirred for 1 hour at room temperature and 20 hours while the ether boiled and then it was decom-
posed with 15% hydrochloric acid upon cooling and treated in the same manner as above. Vacuum-distil-
lation yielded 4.4 g (41%) 2,5-dimethyl-4-p i 4-0l (IV), b.p. 123-124° (2 mm).

3.1 g of initial thiopyrone rl), b.p. 55- 56‘ (2.5 mm) was re[umed unreacted. 1 g of resinous residue remained
afrer  distillation.

¢) 15 ml of absolute ether and 1 g of fine lithium filings were placed in a 3-necked flask fitted

with mercury-sealed stirrer, dropping funnel, nitrogen lead tube and reflux condenser with calcium chloride
twbe. A solution of 12 g of bromobenzene in 15 ml of absolute ether was added drop-wise with stirring to the
above mixture and then 45 m1 more of absolute ether was added. The reaction was carried out in a dry
nitrogen atmosphere until complete solution of the lithium (boiling in the course of 1.5 hours). 7 g of

2,5- dimethyltetrahydro-4-thiopyrone (1), dissolved in 25 ml of absolute ether was added drop-wise in the course
course of 2 hours with cooling (~10°) of the flask with an ice-salt mixture to the above prepared phenyllithium.
The next day the reaction mixture was heated for 3 hours while the ether boiled evenly. Upon cooling with
ice water, the reaction product was hydrolyzed with 50 m1 of water. The ethereal layer was separated and

the aqueous layer was extracted with ether. The combined ethereal extracts were dried with sodium sulfate
and vacuum-distilled. Yield 7 g (65%) of 2,5-dimethyl-4 i 4-01 (IV), b.p. 122-123°
(1.7 mm ) and 1 g of initial thiopyrone (1), b.p. 55-57" (2 mm).
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Sulfoxide of 2,5-d! hyl-4 y 4-0l (V). 6.5 mlof 10% sulfuric acid was

added with stirring and water Cuohng 1 a solution of 2 g of 2,5-dimethyl-4-phenyltetrahydrothiopyran-4-ol
(V) (b.p. 123-124° [2 mm]) in 40 ml of acetone and to this was added 2 g of crystalline potassium permanga-
nate in small portions. Oxidation was complete in 2 hours. Manganese  dioxide which formed was filtered
off and washed on a filter with hot water. The combined filtrate and wash waters were extracted with ether.
The ethereal extracts were dried with potash, After the ether was driven off, the residue crystallized. Upon
boiling with benzene, the greater portion of the crystals dissolved but the residue could not be completely
dissolved by prolonged boiling in a new portion of benzene. The undissolved residue was twice recrystallized
from alcohol to yield 0.5 g of the sulfoxide of 2,5-dimethyl-4-phenyltetr fopyran-4-ol (V) in the

form of fine crystals, m.p. 231-232°, readily soluble in methanol, acetone, chloroform and moderately solu-
ble in alcohol, ether, dioxane, very sparingly soluble in benzene; it was insoluble in water, gasoline and

carbon tetrachloride.

Found %: C 65.39, 65.54; H 1.66, 7.67; S 13.46, 13.49. CygH0gS. Calcd. %: C 65.54; H 7.62;
5 13.46.

Upon evaporating down the benzene solution, 1 g of friable precipitate came down which melted
at 150-161°. Analysis showed it to be a mixture of sulfoxide and sulfone of 2,5-dimethyl-4-phenylteua-
hydrothiopyran-4-ol.

Found %: C 63.16, 63.09; H 7.49, 7.56; S 13.10, 12.81.

Sulfones of 2,5-dimethyl-4 pyran-4-ol (V1) and (VIIL). 13 ml of 10% sulfuric
acid and 8 g of crystaline potassium permanganate n small portions were added gmdually with water cooling
and stirring to a solution of 4 g of 2,5-dimethyl-4 pyran-4-ol (IV) (b.p. 123-124° at
2 mm) in 80 ml of acetone. Oxidation was complete in 2 hours. The manganese dioxide which formed was
filtered off and washed on a filter with hot water. Upon standing, a voluminous precipitate (3.8 g) came.
down from the filtrate and almost completely dissolved in hot benzene. Upon partial evaporation of the
benzene solution, a friable precipitate again came down. 5-fold fraction crystallization of the precipitate
from a benzene-gasoline mixture yielded 1.1 g of the sulfone of 2,5-dimethyl-4-pl p
ol, m.p. 163-164°

Found %: C 61.90, 61.72; H 7.24, 7.27; § 12.59, 12.59. CyHyg0S. Caled. %: C 61.40; H 7.09;
§12.63.

We isolated also 0.6 g of the second diasterioisomeric sulfone of 2,5-dimethyl-4-phenyltetrahydro-
thiopyran-4-ol, m.p. 170-170.5°.

Found %: C 61.74, 61.60, H 7,19, 7,15; § 12.92, 12.£0. CygH;405S. Caled. %: C 61.40; H 7.09; S 12.63.

A test mixture of the above diasterioisomers melted at 159-168"

Both of the isomeric sulfones were reasily soluble in methanol, alcohol, acetone, ether, dioxane, ethyl
acetate, chloroform, benzene, difficulty soluble in carbon tewachloride; they were insoluble in water and
in gasoline.

About 2 g of an unseparated mixture of the above described stereoisomeric sulfones (V1) and (V1)
remained in the mother liguors

2,2-Dimethyl-4 i -4-0l (IX). A solution of 11.5 g of 2,2-dimethyltetrahydro-
4-thiopytone(TIXb. p.77-79° at 10 mm, n3 1.4965) in 15 m1 of absolute ether was added drop-wise with
stirring and ice-water cooling to a solution of phenylmagnesium bromide, prepared from 2.3 g of magnesium
and 15 g of bromobenzene in 35 ml of absolute ether. The reaction mixture was stirred for 1 hour at room
temperature and then boiled for 2 hours. The mixture, cooled with ice water, was hydrolyzed with 15%
hydrochloric acid. The ethereal layer was separated and the aqueous layer was extracted with ether. The
combined ethereal extacts were dried with sodium sulfate. _After the ether was driven off, the residue was
vacuum-distilled; yleld 12 g (68%) of 2,2-dimethyl-4 4-0l (IX) in the form of
very viscous liquid with the odor of the thio compound, b.p. 119-120° (2 mm)

Found %: C 70.38, 70.55; H 8.08, 8.12; S 14,12, 14.18. CyHy0S. Caled. %: C 70.30; H 8.11;
S 14,40,

roved for Release 201

Upon standlng, the product partially crystallized, The crystals were separated from the liquid portion
and rectystallized from methanol. Yield 2 g of crystalline phenylthiopyranol (IX) in the form of colorless
fine crystals, m.p, 69-70°, readily soluble in alcohol, acctone, ester, dioxane, chloroform, carbon tetrachloride,
gasoline, benzene and in hot methanol; insoluble n water. Besides phenylthiopyranol (IX), distillation ylelded
of initial thiopyrone (1I), b.p. §7-54° (2 mm). Resinous residue 1 g.

Sulfone of 2,2-dimethyl-4-phenyltet zhydrothiopyran-4-ol (XIT). ) 2 m1 of 10% sulfuric acid and 1 g
of crysiailine potassium permanganate soluion were graduzlly added with water cooling and stirring to a
solution of 0.5 g of crystalline 2,2-d an-4-0l (IX) (m.p. 69-70°) in 10 ml
of acetone. Oxidation was complete in 2 houss, The manganese dioxide which formed was filtered off and
washed with hot water on a filter. The combined filtrate and wash waters were extracted with ether and
in: ethercal extracts were dried with potash. After the ether was driven off, we obtained 0.5 g of crystals
of the sulfone of 2,2-dimethyl-4-phenyltet:ahydrothiopyran-4-ol (XIf), m.p. 180-181° (from methanol).

Found %: C 61,55, 61.51: H 7.22, 7.14; § 12.99, 13.08. CygH;05S. Calcd. C 61.40; H 7.09;
51263

sulfone (XI%) was readily soluble in acetone, in hot methanol, alcohol, dioxane, chloroform and
penzene; 1t was insoluble in water, gascline and carbon tetrachloris

b) 10 ml of 10% sulfuric acid and 4 g of crystalline potassium permanganate were gradually added
witn stizring and water cooling to 3 g of the liquid portion of 2,2 hyl-4-phenylte ahydrothiopyran-4-ol
(:X) (b.p 119-120° at 2 mm), dissolved in 60 ml of acetone. After 2 hours of standing, the weatment was
the same as in the preceding experiment. From the ethereal extact we isolated 2.4 g of solfone (XII), which
after recrystallization from methanol, melted at 180-181° and proved identical to the sulfone, which was
prepared in the preceding experiment. A test mixture of the two melted at the same temperature as the in-
dividual samples

2.2 Dimethyl-4-phenyltetrahydropyran-4-ol (XI). 4 solution of 6.4 g of 2,2-dimethyltetrahydro-4-
pytone (1) (b.p. 77-79° at 80 mm) in 10 ml of absolute ether was added drop-wise with stirring and ice-water
cooling to a solution of phenylmagnesium bromide, prepared from 1.5 g of magnesium and 9.5 g of bromo-
benzene in 20 ml of absolute ether, The reaction mixture was stirred for 2 hours at room temperature, Upon
cooling with ice water, the rcaction product was hydrolyzed with 15% hydrochloric acid. The ethereal layer
was separated and the aqueous layer was extracted with ether. The combined ethereal extracts were dried
with sodium sulfate, After driving off the ether, the residue almost completely crystallized. The crystals
were separated from the liquid protion and recrystallized from gasoline. Yield 6.6 g 2,2-dimethyl~4-phenyl-
tenahydropyran-4-ol (X1), m.p. 122.5-128°. Vacuam-distillation of the liquid portion yielded 1 g of initial
pyrone (IT"), b.p. 48-51° (2.5 mm) and 1.2 g of phenylpyranol (XI), b.p. 104-105° (2.5mm), which crystallized
in the receiver and after recrystallization from gasoline had m.p. 122-123°. After distillation, the resinous
tesidue weighed 0.5 g. The total yield of product (XI) was 7.8 g (76%).

2,2-Dimethyl-4-phenyltetrahydropyran-4-ol (XI) was in the form of colorless lustrous crystals, readily
soluble 1n methanol, alcohol, acetone, ether, dioxane, chloroform, benzene, in hot gasoline and carbon
tewrachloride - insoluble in water

Found %: C 75.76, 75.£9; H £.89, 8.96. CygHyO;. Caled. % C 75.75; H 8.74.

2,2,4-Trimethyltetrahydrothiopyran-4-ol (VIII). 4 solution of 4.5 g of 2,2-dimethyltetrahydro-4-
tniopyrone (I1) (b.p. 77-79° at 10 mra) in 7 m1 of absolute ether was added drop-wise with ice-water cooling
and stirring 10 a solution of methylmagnesium iodide, prepared from 1 g of magnesium and 6 g of methyl
iodide in 10 m1 of absolute ether. The reaction mixture was stirred for 2 hours while the ether boiled and
then, upon ice-water cooling, it was treated with 15 % hydrochloric acid. The ethereal layer was separated
and the aqueous layer was extracted with ether. The combined ethereal extracts were shaken with sodium
bisulfite solution to remove the fodide and then dried with sodium sulfate. After driving off the ether, the
residue completely crystallized. Yield 3 g (60%) 2.2,4-trimethyltetrahydrothiopyran-4-ol (VIII), m.p.
62-83" (from petroleum ether)

Found 9 C 60.21, 60.02; H 10.13, 10.04; S 19.90, 20.20. CgHy0S. Celed. %: C 59.94; H 10.06;
5 20.00
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‘Thiopyranol (VIiI) was in the form of colorless crystals with the odor of the thio compouad, readily
soluble in methanol, alcohol, acetone, dioxane, ethyl acetate, benzene, chloroform, carbon tetrachloride
and in boiling petroleum ether, difficultly soluble in gasoline and completely insoluble in water.

2,2,4- Trime thyltetrahydropyran-4-ol (X). A solution of 6.4 g of 2,2-dimethyltetrahydro-4-pyrone

(1) (b.p. 77-79° at 30 mm) in 10 m1 of absolute ether was added drop-wise with stirring and ice-water
cooling 1o a solution of methylmagnesium fodide, prepared from 1.5 g of magnesium and 9 g of methyl
iodide {n 15 ml of absolute ether. The reaction mass was stirred 1 hour at room temperature and 1 hour

at the boiling point of ether and then, upon ice-water cooling, it was decomposed with 15 % hydrochloric
acld. The ethereal layer was separated and the aqueous layer was extracted with ether. The combined
ethereal extracts were shaken with sodium bisulfite solution to remove fodine and dried with sodium sulfate.
After the ether was driven off, the residue was vacuum-distilled. Yield 4.6 g (64%) of 2,2,4-trimethyltetra-
hydropyran-4-ol (X) in the form of a viscous liquid, b.p. 56-58° (1 mm), '} 1.4569.

Found %: C 67.17, 66.95; H 11.77, 1117, C4HQp. Calcd. % C 66.62; H 11,18,
SUMMARY

Five tertiary heterocyclic y -alcohols of the ane and tetr series
(1V, VIIL, IX, X and XI) were synthesized by the reaction of either organolithium of organomagnesium
with the corresp ic y -ketones.

As oxidation products of phenylthiopyranols (V) and (IX) we obtained the sulfoxide (V), the two
diastereoisomeric sulfones (VI) and (VII), and the sulfone (XI),

LITERATURE CITED
[1] I N. Nazarov, V. A. Rudenko, J. Gen. Chem., 22, 829 (1952) (T.p. 891) ».
[2) S. M. Mc Elvain, K. Rorig, J. Am. Chem. Soc., 70, 1820, 1826 (1948).
[8] S. M. Mc Elvain, R. E. Mc Mahon, J. Am. Chem. Soc., 71, 901 (1949).
[4] J. Lee et al, J. Org. Chem. 12, 894, 904, 911 (1947).

[5] L N. Nazarov, V. Ya. Raigorodskaya, V. A. Rudenko, Bull. Acad. Sci. USSR, Div. Chem. Sci.,
504 (1949).

[6] R. F. Naylor, J. Chem. Soc., 2749 (1949) ,

[7) L N. Nazarov, 4. L. Kuznetsova, . A. Gurvich, J. Gen. Chem., 19, 2164 (1949) (T.p. a-637)s;
1. Gen. Chem., 20, 376 (1950) (T.p. 399)s.

[8] G.M. Bennet, W. B. Waddington, J. Chem, Soc., 1929, 2829.
[9) F. Amdt, E. Schander, Ber., 63, 313 (1930).
[10) L N. Nazarov, V. Ya. Raigorodskaya, Bull. Acad. Sci. USSR, Div. Chem, Sci., 631 (1948).

[11] L N. Nazarov, V. Ya. Raigorodskaya, V. A. Rudenko, Bull. Acad. Sci. USSR, Div. Chem, Sci.,
68 (1949).

[12] L. N. Nazarov, 1. V. Torgov, Bull. Acad. Sci, USSR, Div. Chem. Sci., 129 (1943); J. Gen Chem.,
18, 1338 (1948); 19, 1766 (1949). (T.p. a-211)s.

(18] M. E. Cardwell, J. Chem. Soc., 1950, 1059.

Received February 2, 1955 Institute of Organic Chemistry of Academy
of Sciences of USSR and Moscow Institute

of Fine Chemical Technology

oved for Release 2010/

07/20 : CIA-RDP81-01043R000400050005-3

HETEROCYCLIG COMPOUNDS

36. THE MANNICH REACTION WiTH HETEROCYCLIC KETONES (y -PIPERIDONES’, TETRAHYDRO- y - PYRONES
AND TETRAHYDRO- y - THIOPYRONES)

I. N. Nazarov and E. T. Golovin

Using the aminomethylation reaction, known as the Mannich reaction [1], it is easy to obtain various
B -substituted aminoketones. There is nothing in the literature on running the aminomethylation reaction with
heterocyclic ketones of either the piperidine, tetrahydropyrane of tetr p series. It seemed possible
10 s 1o study the applicationof this reaction to the different heterocyclic y -ketones at our disposal, the prepara-
tion of which by simple and general methods was worked out in our laboratory [2-5).

In the present paper we describe the
on the basis of the technically available dimethy
(), 2,2 4-thiopy

of the following yclic y -ketones, obtained
inol (I): 1,2,5-trimethyl-4 ),
(V) and 2,2

2,5-di ahydro-4-thiop
dro-4-pyrone (V):

o

I

Y N

TS om, sy GrcH
% |

CH, C: s CH, (I:-CH’

U“m CH,

| 50% H.S0,

(I:E(f CH; C/\CH
CH~C CH Mo ™7y
I I WSO Ch,CH
CH, CH,

For running the aminomethylation reaction we used dimethylamine hydrochloride and 30 % aqueous
formaldehyde solution,

The reaction for the aminomethylation of the above indicated heterocyclic y-ketones with participation
of dimethylamine and formaldehyde can be shown in general form by the following schemes:
o
Il
CH,0, (CH)NH. CH«‘( \—CHaN(CHy),,
O: CHINH,

Ny CHe
X

CHy—" N

I\/LC"x
X

X =NCH,, §.

'Sanitized Copy Approved for Release 2010/07/20 : ClA-RDP81-01043R000400050005-3



o o

I /N\

N CH,0, (CHINH —CHaN(CHs)e-

LJ CH, SO CIME, oy |

R, %
X=50.

The ami of 1,2,5-trimethyl-4-pip () gives 1,2,5-uimethyl-3-(dimethylam
methyl)-4-piperidone (V1) in 46.5% yield; here di-(1,2, hyl pipe
methane (VI was isolated as by-product The latter, under conditions favorable for its formation, wz? obtained
in up to 31% yield, When this reaction was run with a large excess of formaldehyde (twice the theoretical J
amount) the main reaction product proved to be 1,2,5-trimethyl-3-(dimethylaminomethy)-5-methylol-4-piperid-

one (VIID), obtained in 21% yield:
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When dimethylamine and formaldehyde are reacted with efther 2,5-dimethyltetrahydro-4-thiopyrone (LI,
) 2, 4 (IV) or 2,2, 4-p; (V) the
are obtained: 2,5-dimethyl-3

ing di derivati

) y P
4-one (IX) (61.5% yield), 2,2-dimethyl-5 4-one (X) (65% yield) and
2,2-dimethyl-5-(di i

iopy
(XI) (60.5% yield):
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The oxidation under mild of 2,
(X) hydrochloride, dissolved in glacial acetic acid, with 28% hycrogen peroxide gave the corresponding sulfoxide
(XII), which was isolated as the hydrochloride, Attempts to obtain the sulfones of thiopyrones (IX) and (X) re-
mained unsuccessful, since in the oxidation oftheir hydrochlorides with either potassium permanganate in the cold
or with 28% hydrogen peroxide in acetic acid under short heating these poorly stable compounds suffer decomposi-
tion with cleavage of the B-amino group.
o o o
I I |
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For successful aminomethylation of 1,2,5-trimethyl-4-piperidone (1I) by the Mannich reaction it is
necessary to cool the reaction mixture, since here the piperidone reacts very vigorously (with heat evolution)
with formaldehyde and secondary amines. In the opposite case, even at room temperature, secondary react-
10ns begin to predominate, lowering the yield of the desired product (V1), and here Compound (Vi) is ob-
tained as the main product. On the other hand, with sulfur- or oxygen-containing heterocyclic y -ketones
(11, 1V and V) the Mannich reaction fails to go at all at room temperature and requires heating on the water
bath for its completion. It should be mentioned that the duration of heating the reaction mixture noticeably
affects the yleld of the aminomethylated product and in each individual case should be made as short as
possible. If this is not done the yield of aminomethylated ketone is lowered due to secondary reactions,
proceeding with the formation of a number of products, among which di-(2,2- dimethyl-4-ketotetrahydro-1-
- thio-5 -pyranyl)-dimethy] ether (XIII) was isolated in the Mannich reaction with thiopyrone (IV).

The heterocyclic 8 -aminoketones (VI, 1X, X and X1) obtained by us represent colorless liquids, capable
of betng distilled without but which cannot be stored for a long time without suffering
change. The changes, taking place during their storage, lead 10 an elevation and "spreading” of the boiling
point. Sunilar behavior on the part of B has also been observed eatlier for other
examples [6, 7, erc.]. ‘The salts of these B -aminoketones are completely stable. To characterize all of the
8 -aminokerones synthesized by us, we prepared their crystalline picrate and hydrochloride derivatives.

In view of the presence of asymmetric carbon atoms, B-aminoketones (V1) and IX) should represent
a misture of diastereoisomers. Howe ver, when we prepared their crystalline derivatives, only one stereo-
1someric form was isolated in both cases, which, apparently, is present in predominant amount. Analagous
facts have also been observed in many other cases [7, 8, etc.].

The heterocyclic B-aminoketones described by us possess undoubted interest as intermediates for the
synthesis of new physiologically active substances of diverse action. In the pharmacological testing of their
nydiochlorides the B-aminoketones themselves showed low activity and low toxicity. The properties studied
were general action and toxicity.pain-killing and anesthetic action, and the influence on the elements of the
vegetative nervous system, on smooth and cross-striated musculature.

EXPERIMENTAL

1,2,5- Trimethyl-3-(dimeth )-4-piperidone (VI). a) 14 g of 1,2,5- trimethyl-4-piperidone

(1) (b.p. 68-70° at 9 mm, nf 1.4604), was placed in a 3-necked flask fitted with stirrer, reflux condenser and
dropping funnel and a solution of 9 g of dimethylamine hydrochloride in 10 g of 30% aqueous formaldehyde
solution was added drop-wise with stirring and ice-water cooling to the flask. The homogeneous reaction
mixture was stirred for 5 hours at room temperature. Upon cooling and in the presence of ether, the aqueous
solution was then saturated with solid caustic soda and extracted three more times with ether. After passage
of carbon dioxide gas until the solution clouded, the combined ethereal extracts were dried with sodium

sulfate. The ether was driven off and 2-fold vacuum-distillation yielded 9.2 g (46.5%) 1,2,5- trimethyl-3-

(dimethylaminomethyl)-4-piperidone (VI) in the form of colorless liquid with an amine odor, b.p. 84-85°
(4 mm), 07} 1.4758, ¢ 0.9552, MRp 58.63; calcd. 58.69.

Found %: N 14.20, 14.30. CyHyON,. Caled. % N 14.13.

Besides this, we obtained 3.2 g (16%) di-(1,2,5-trimethyl-3-di 4-) piperidyl)-
methane (Vi?) b.p. 170-171° (3 mm) nf} 1.5005. We also obtained 2.6 g of initial unreacted piperidone (1),
b.p. 54-58° (4 mm), nf} 1.4605. The intermediate fraction, 0.7 g, b.p. 73-81° (4 mm), n 1.4713 partially
crystallized. The crystals were separated and recrystallized from acetone, m.p. 237-238.5° (with sublimation).
Found %: N 37.30, 37.22. This nitrogen-rich compound was ot i further. After distillation, there
was 2.5 g resinous residue.

Dihydrochloride of 1,2,5-trimethyl-3-(dimethylaminomethyl)-4-piperidone (VI) was prepared by
passage of dry hydrogen chioride until saturation into a solution of the base in absolute ether. The resulting
precipitate was separated, washed on a filter with absolute ether and recrystallized from anhydrous alcohol.
Fine white crystals, m.p. 151°, readily soluble in water, nethanol and in hot alcohol ; insoluble in acetone.

Found %: N 9.79, 9.81; C125.72, 25.95. Cy;Hy ON;Cl,. Caled. %: N 10.33; C126.15.
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Picrate of aminoketone (VI) melred at 95-96° (from alcohol).

Found %: N 16.39, 16,00, CisHysOgN;. Caled. % N 16.39.

b) 14 g of 1,2,5-trimethyl-4-piperidone (IT) and 9 g of dimethylamine hydrochloride we:; 1}:1“::
in a flask. 10 g of 30 aqueous formaldehyde was added drop-wise with stirring and ice-water cooling 3
the reaction flask. Stirring was then continued at room temperature for 5 hours, The reaction mixtu:eew
wreated as In the preceding experiment. After the ether was driven off, the reaction products were o ;
vacuum-distilled. st fraction, b.p. 48-62° (3.5 mm), nff 1.4618, 2.6 g; 2nd fraction, b.p. 63-85° (3. mm)d,
nf3 1.4754, 8.9 g; 3rd fraction, b.p. 169-171° (3 mm), nf] 1.5008, 1.8 g. The lst fraction was initial plnpeﬂ jone.
(). The 2nd fraction was aminoketone (VI) (yleld 45%). The 3rd fraction was dipiperidylmethane (VID.
nine hydrochloride were placed

trimethyl-4-piperidone (II) and 12.5 g of dimethylan
¢) 17 g of 1,2,5-trimethyl-4-pip an g ot e e

in a flask, 15 g of 30% formalin was added drop-wise with stirring and (ce-salt mixture
the reaction flask, The reaction mass was stirred for 2 hours at -10° and then for 4 hours at room temperarufe
and weated in the usual way. Two vacuum-distillations of the reaction products ylelded the following fractions:
Ist, b.p. 50-65° (4 mm), nf} 1.4623, 2.5 g; 2nd, b.p. 84-86° (4 mm), 1 1.4755, 11 g; 3rd, bp. 1‘757’1’76 (4 mm),
41,5006, 2.4 g. The 1st fraction was initial piperidone (ID). The 2nd fraction was aminoketone (V1) (yield
46%). The 3rd fraction was dipiperidylmethane (ViI).

d) A solution of 9 g dimethylamine hydrochloride in 10 g of 30% formalin was added drop-wise with
stiring to a flask containing 42 g of 1,2,5-trimethyl-4-piperidone (II); a slight evolution of heat was noticed.
e reaction mass was stiired for 5 hours at room temperature and was then treated in the usual way. Three
vacuum-distillations yielded 27 g of initial piperidone (1), b.p. 50-51° (4 mm), nf 1.4602, 13 g of amino-
Ketone (VI), b.p. 83-£5° (3.5 mm), ni3 1.4746 (yield based on reacted piperidone was 63.5%) and 4 of di-
piperidylmethane (VI), b.p. 164-166° (2 mm), nff 1.5008 (yleld 19%). There was 3 g of resinous residue
after distillation.

After short storage, 1,2,5-trimethyl-3-(dimethylaminomethyl)-4-piperidone (VI), upon distillation,
yielded higher-boiling fractions with similarrefractive indices and resinous products. Thus, after 10 days of
standing, fractionation of 8.5 g of product, Initial b.p. 84-85" (4 mm), yielded the following fractions:
1st, b.p. 84-85° (4mm), nf§ 1.4722, 6.6 g: 2nd, b.p. 86-89° (4 mm), off 1.4723, 4.5 g; 3rd, bip. 90-91°
(4 mm), ng 1.4748, 8.2 g; 4th, b.p. 92-94° ( 4 mm), ol 1.4763, 6.5 g; 5th, b.p. 98-101° (4 mm), ) 1.4814,
4.3 g; 6th, b.p. 171-173° (4 mm), nf3 1.4936, 1.2 g; resinous residue 2 g.

1,2,5- Trimethy1-3-( inomethyl; hylol-4-piperidone (VIII). 9 gof dimethylamine
hydrochioride and 80 g of 30% formalin were placed in a flask. 14 g of 1,2,5-trimethyk 4-piperidone (If) was
added drop-wise with stiring to the flask and a slight evolution of heat was observed. Stirring was continued
for 5 howss, The reaction mixture was then acidified with hydrochloric acid and weated with ether to remove
the neutral products. The aqueous solution was neutralized with soda and sawrated upon cooling, in the
presence of ether with solid caustic soda. The free base was extracted with multiple ether exuactions and
after passage of a stream of carbon dioxide, was dried with sodium sulfate. Vacuum-fractionation of the
reaction products yielded the following fractions: 1st, b.p. 83-86" (3.5 mm), npy 1.4795, 1.6 g; 2nd, b.p
94-98° (3.5 mm), 0§ 1.4845, 4.7 g; 3rd, b.p. 169-171° (3.5 mm), 8 1.5028, 3.2 g; resinous residue 4.5 g.
The 2nd fraction was 1,2,5- trimethyl-3-(di hylol-4-piperidone (VIII), a colorless
liquid with an amine odor, yellowish upon standing (yield 21%): nfd 1.4845, &’ 1.0127, MRp 64.56; caled.
64.83.

Found %: N 12.28, 12.30, CyHygOsNy. Calculated %: N 12.27.

Picrate of i (VIII) after recr ization from alcohol mixture had m.p. 112-113°.

Found %: N 14.91, 15.11. CqgHpsOgNg. Caled. %: N 15.31.

Di-(1,2,5-trimethyl- 4-keto-5-piperidyl)-methane (VII). 14 g of 1,2,5-tri-
thyl-4-pl (II), 8 g of de and 10 g of 30% formalin were placed in a
flask. An exothermic reaction started at once and was complete after 15 minutes. The reaction mixture was
stirred at room temperature for 10 hours. The aqueous solution was treated with solid caustic soda; free base
was repeatedly washed with ether, dried with sodium sulfate. - After driving off the ether, the residue was

yacuum-distilled; yield 4.1 g (21%) aminoketone (V1), b.p. 84-85° (4 mm), np; 1.4750 and 6.3 g (31%)
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dipipenidylmethane (VID), a very viscous yellow hiquid, b.p. 170-171° (3 mm), n§ 1.5004,
Found %: N 13.48, 13,44, CgyHyOsN, Caled. %: N 13.71.
Dipicrate of dipiperidylmethane (V1) melted at 127-128" (from alcohol).
Found % N 15.84, 1572, CyHgeOseNy. Caled. % N 16.16.

2 g of initial piperidone(in), b.p. 52-56 (4 mm), nf} 1.4623, returned unreacted. Resinous residue
35g.

2,2-Dimethyl i i y1)-tev 4 (X). a)6g di ine hy-
drochloride, 7 g of 2,2-dimethyltetrahydro-4-iopyrone (IV) (b.p. 77-79° at 10 mm), nf3 1,4965 and 7 g of
30% formalin were placed in a 3-necked flask fitted with stirrer and reflux condenser. To homogenize the
reaction mixture, 5 ml of methanol was added and the mixture was stirred for 1 hour at 70-80°. After acidi-
fication of the mixture with hydrochloric acid, the neutral productswere removed by treatment with ether.
The base was separated from the aqueous solution with potash, extracted with ether, dried with sodium suifate
and after the ether was driven off, it was vacuum-disiilled. Yield 6.3 g (65%) of 2,2-dimethyl-5-(cimethyl-
a{énnnmcmyl) tetrahydro-4-thiopyrone (X), colorless liquid with odor of thio compound, b.p. 99-101° (4 mm),
nf} 1.5027.

Found %: N 6.99, 6.67. CyHOSN. Caled. %: N 6.96
The ethereal extract of neutral products yielded 1.1 g of initial thiopyrone (IV).

Hydrochloride of aminothiopyrone (X) melted at 148" (from acetone). Fine white lustrous needles,
readily soluble in water, methanol, alcohol, chloroform and in hot acetone, dioxane and ethyl acetate.

Found %: Cl14.52, 14.63. CyHpOSNCL. Caled. % C114.91.
Picrate of aminothiopyrone (X) had m.p. 114-114.5° (from alcohol), acicular light-yellow crystals.
b) 6 gof ide and 7 g of 2, 4 V) were
placed in a flask. 7 g of 30% formalin was added with stirring. Two layers formed. 5 ml of methanol was
added for homogeneity and the mixture was then stirred at room temperature for 5 hours. The reaction

mixture was saturated with potash and extracted with ether. After the ethereal extracts were dried and dis-
tilled, we obtained 6.2 g of initial thiopyrone (V), b.p. 52-54° (3 mm), nf3 1.4956.

¢) 5 g of dimethylamine hydrochloride, 7 g of thiopyrone (IV) and 6 g of 30% formalin were taken
for the reaction. The mixture was stirred while being heated on a boiling water bath for 1 hour. Upon
treatment of the homogeneous reaction mixture with ether, a precipitate came down which was separated,
washed on a filter with ether and water,and when recrystallized from benzene, had m.p. 154.5-155°. Yield
0.2 g of compound with unknown structure in the form of a fine white powder, soluble in acetone, chloro-
form, dioxane, Tn hot benzene and ethyl acetate ; sparingly soluble in alcohol and carbon tetrachloride ; com-
pletely insoluble in water, methanol, ether and in gasoline.

Found %: C 59.11, 59.13; H 8.14, 8.23; § 19.31, 1931; N 3.41, 3.16.

The aqueous solution was given the usual treatment, and distillation of the reaction products under
reduced pressure yielded 4.2 g (43%) aminothiopyrone (X), b.p. 95-99° (3.5 mm), nf§ 1.5021.

d) 10 g of dimethylami 14.4 g of 2,2-di 4 V) and

15 g of 30% formalin were taken for the reaction. 15 ml of methanol was added until the solution was homo-
geneous and the mixture was stirredwith heating on  boiling water bath for 5 hours. After acidification
with hydrochloric acid, the reaction mass was treated with ether and the ethereal extracts of neutral products
were dried with sodium sulfate. After the ether was driven off, the residue crystallized. Yield 3.5 g crystals,
which contained no nitrogen, m.p. 117" (from alcohol), readily soluble in benzene and acetone, in hot
methanol and alcohol, gasoline, dioxane. and completely insoluble in water; proved to be di-(2,2-dimethyl-
4-] dro-1 imethy1 ether (XIII).

Found %: C 58.17, 58.27; H 8.17, 8.15; § 19.24, 19.46. CygHy0sS,. Calcd. % C 58.14; H 7.93;
§19.40.
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The aqueous solution was treated as usual, Distillation of the ethereal extractions of basic pmdu;!s
(5.5 mm), nf} 1.5148,

ylelded fractions: 1st, b.p. 98-101° (3.5 mm), nf} 1.5022, 8.5 g; 2nd, b.p- 105-112° (3.5 mm)
2.3 g. The 1st fraction was aminothiopyrone (X) (yield 42.5%).

B.p. 83-85° (3.5 mm), n§ 1.4630, di’ 0.9768, MR 52.24; Caled. 51,77,
Found %: N 7.8, 7.33. CyoHyOpN. Caled. %: N 7.56.
Sulfoxide of 2,2 dimethybs.(di Ny )-tetrahydro-4-thiop; (X1, 5 mlof 28% | After distillation, there was 4 g of resinous residue

- di dimethyl-
hydrogen peroxide (¢4’ 1.1040) was added to a solution of 1 g of the ochion °:d2'°d - ;;emuzm W Hydrochloride uf aminopyrone (XI) had m.p. 144° (from acetone). Fine white crystals, soluble in
aminomethyl)-tetrahydro-4-thiopyrone (X) (m.p. 148°) in 3 ml of glacial acetic acld an a sligl | water, methanol, alcohol, ethyl i P . and dioxan

of heat wasyobservad,y After snan}:liyng for a week, the solution was evaporated down under reduced pressure. 1. methanol, alcobol, ety acetate and in chloroform, also in hot acetone and dioxane.
The residue, a viscous colorless liquid, was dissolved in a small quantity of anhydrous alcohol and reprecipit
from an alcoholic solution of absolute ether. The viscous colorless oil which formed was rubbed to powder under Picrate of amifopyrone (XI) melted at 127.5-126° (fiom alcohol). Yellow lustrous flakes
a layer of fresh quantity of ether, separated from the ether and dried in a vacuum-desiccator over caustic

potash, The resulting solid mass was very hygroscopic and quickly turned to an ofl in air. After 2-fold re- SUMMARY
crystallization from a mixture of anhydsous  alcohol and acetone, we Gb‘im?d Siable crystals of the hydro- The aminomethylation reaction by means of formaldehyde and dimethylamine was studied on
chloride of the sulfoxide of 2,2- dimethy] dimethyl )-tetr P (XIm), m.p. nitrogen-, sulfur- and oxygen-containing heterocyclic y -ketones (11, III, IV and V); here heterocyclic
162°, soluble in water, methanol and in hot alcohol, insoluble in acetone. B -aminoketones (VI, IX, X and XI) were synthesized, the hydrochlorides of which were subjected to

Found %: N 5.64, 5.52. CygHggSNCL Caled, % N 5.52. pharmacological testing.

ated Found %: C115.53, 15.77. CygHpC,NCl. Caled, % Cl15.99.

(X). ) 6 g of dimethylami The methylol derivative of piperidone (VIII), and also derivatives of the dipiperidylmethane (V1)
and of the dithiopyranylmethyl ether (XIII), were isolated as by-products in the Mannich reaction.

2,5-Dimethyl-4- ).
ide, 7gof2, ah ~4-thiopy () ¢ . m.p. 71°) and 7 g of 30%
formalin were placed in a 3-necked flask fitted with stirrer and reflux condenser. 5 ml of methanol was LITERATURE CITED
added aind the mixture was heated with stirring on a boiling water bath for 6 hours. The homogencous react-
ion mixture was acidified with hydrochlaric acid and treated with ether to remove the neutral products. After
drying and evaporation of ether, the residue crystallized. Yield 0.8 g of initial thiopyrone (IID), m.p. 63-70 (2] L N. Nazarov, 1. V. Torgov, L. N. Terekhova, Bull. Acad, Sci. USSR, Div. Chem. Sci., 50 (1943),
(from alcohol). In the presence of ether and with cooling, the aqueous solution was saturated with solid
caustic soda and extracted three times with ether. After passage of a stream of carbon dioxide, the ethereal
extracts were dried with sodium sulfate, The ether was driven off and the residue was vacuum-distilled (4] L N. Nanarov, 4. L. Kuznetsova, Bull, Acad, Scl, USSR, Div. Chem, Set., 118 (1948).
Yield 6 g (61.5%) 2,5-dimethyl-3-( i )-tetrahydro-4- thi (IX), colorless liquid
with odor of thio compound, b.p. 96-97° (2.5 mm), nf§ 1.5034. . [5]
Found %: N 7.19, 6.93. CyHOSN. Calcd. %o: N 6.96. [6] C. Mannich, R. Braun, Ber., 53, 1874 (1920); C. A., 22, 491 (1921).

[1] Organic Reaction, 1,Foreign Lit. Press, 399-454 (1948).

[3] L N. Nazarov, V. A. Rudenko, Bull. Acad. Sci. USSR, Div. Chem. Sci., 610 (1948).

L N. Nazarov, A. I. Kuznetsova, I. A. Gurvich, J. Gen. Chem., 19, 2148 (1949) (T.p. a-621)+.

After distillation, there was 1.5 g resinous residue. [7] C. Mannich, P. Honig, Arch, Pharm., 265, 598 (1927); C.. A., 22, 491 (1928).

Hydrochloride of aminothiopyrone (IX) had m.p. 164.5° (from acetone). It was soluble in water, (8] W.E. Bachmann, L. B. Wick, J. Am. Chem. Soc., 72, 3388 (1950); C. A., 45, 2421 (1951).

methanol and in alcohol and also in hot acetone and dioxane.

Found % Cl14.54, 14.82. CygHaOSNCL. Caled. % C114.91. Received February 2, 1955 Institute of Organic Chemistry of Academy of

Picrate of aminothiopyrone (IX) melted at 137-137.5° (from alcohol). b) 7 g of 30% formalin was Sciences of USSR and Moscow Institute of Fine
Chemical Technology

added to a solution of 6 g of di ide and 7 g of 2, 4-thiop TTp. = C. B. Translation pagination,
(11 in 25 m1 of methanol and the mixture was stirred with heating on a boiling water bath for 2 hours. Upon
cooling,crystals of thiopyrone (II1) formed in the reaction mixture. 5 g of 30% formalin was added and heating
was continued for 3 hours more. The reaction mixture was treated as in the preceding experiment, Vacuum-
distillation of ethereal extracts of basic products yielded 4.8 g (49%) aminothiopyrone (IX), b.p. 101-107

(4 mm), nf§ 1.5136. The hydrochloride prepared from this fraction, melted at 164-164.5° and gave no depres-
sion with sample prepared in the preceding experiment. From the ethereal extracts of neutral products we
isolated 2.5 g of initial thiopyrone (III), m.p. 69-70° (from alcohol).

2,2-Dimethyl pyran-4-one (XI). 10 gof di ine hydro-
chloride, 12.8 g of 2,2- dimethyltetrahydro-4-pyrone (V) (b.p. 77-79°, 30 mm, i} 1.4500) and 15 g of 30%
formalin were placed in a 3-necked flask fitted with stirrer and reflux condenser. 5 ml of methanol was
added and the reaction mixture was heated while stirring on a boiling water bath for 5 hours. Upon cooling,
the mixture was treated with ether to remove the neutral products. After drying and distillation of the ethereal
extracts, we isolated 1 g of initial pyrone (V), b.p. 67-69° (8 mm), nf§ 1.4506. The aqueous solution was
saturated with alkali, the base was extracted with ether and after passage of a stream of carbon dioxide, it
was dried with sodium sulfate. The ether was driven off and the residue was vacuum-distilled. Yield 11.2 g
(60.5%) of 2,2-dimethyl-5-(di -tetrahydro- 4-pyrone (XI) in the form of colorless liquid.
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THE MANNICH REACTION IN THE THIAZOLE SERIES

B. M. Mikhailov and I. K. Platova

amines, known as the Mannich reaction, has found wide use as a preparative method for the inroduction of
aminomethyl and alkylaminomethyl groups into different types of organic substances. Into this reaction enter
not only compounds with methyl and methylene groups, activated by either carbonyl or carbexyl groups, but
also different heterocyclic compounds and their homologs. Thus, into the Mannich reaction enter indole [1],
thiophene [2], pyrrole [3), a-picoline [4], [5), and quinaldine [4, 6], all i y
active hydrogen atoms in elther the ring or the side chain.

The on of organic with formaldehyde and either ammoniaor primary and secondary

Up to now the Mannich reaction has not been described in the thiazole series. The ability of 2-acetyl-
4-phenylthiazole to react with formaldehyde and amines (7] is conditioned, naturally, not by the thiazole ring,
but by the carbonyl group, and consequently this example cannot be considered as being specific for compounds
of the thiazole series.

We studied the Mannich reaction in the thiazole series in aplication to 2,4-dimethylthiazole. It was

found that the latter is quite inert toward formaldehyde and dimethylamine—the most active of the amines in

the Mannich reaction, Attempts to condense 2,4-di i with di in 40% aqueous form-
aldehyde solution under prolonged heating at various temperatures proved unsuccessful. We were able to realize

the condensation by the method of boiling for a long time under reflux and ethanol solution of 2,4-dimethylthiazole
with dimethylamine and paraformaldehyde in the presence of ic acid. The 2,4 le partially
reacts under these conditions and gives substitution products, in which both one hydrogen atom (I) and two hydrogen
atoms (II) are replaced by the dimethylaminomethyl group:

cH,l

y— N CHy—!
8 W
s

L ﬁH[CHm(CH,)J,
¥

m a

+
LCHAN(CH)y

H,C0, NH(CHy), c“‘“ Jc
¥

The structure of the obtained compounds can be judged on the basis of the behavior of 2,4-dimethyl-
thiazole in its reaction with benzaldehyde. The formation here of 2-styryl-4-methylthiazole [8) shows that
of the two methyl groups in 2,4-dimethylthiazole the greatest reactivity with respect t carbonyl groups is
possessed by the methyl group in position 2.

4-Methyl-2-8 i (1), obtained in 30% yield, is extremely unstable, and
consequently it was identified as the picrate.

4-Methyl-2-di-(dimethylaminomethyl)-methylthiazole (II) is obtained in lower yield. It was identified
as the methiodide.

The use of elevated temperature in running the reaction by replacing the ethyl alcohol by isoamyl alcohol
failed to give an increased yield of reaction products, and only facilitated tarring.

The condensation of 2,4-di iazole with and di ine under the same con-
ditions gave 4-methyl-2-8 -(diethylamino)-ethylthiazole (III) in low yield:

e
U H.CHNCH:
¥
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EXPERIMENTAL

4-Methyl-2-B-(d i (1) and 4-methyl-2-di-(di rethyl)-methylthi -
azole (I). A mixture of 34 g of 2,4 i 19], 24.6 g di Tde, 13.5 g para-
Tormaldehyde, 100 m1 anhydrous ethyl alcohol and 3 m1 concentrated hydrochloric acid was heated on a water
bath with reflux condenser for 12 hours. Upon completion of heating, the solvent was distilled off from the
dark yellow solution (green opalescene). After extraction of unreacted 2,4-dimethylthiazole with ether, the
residue was dissolved in 20 ml of water, the solution was saturated with potash and extracted with chloroform.
The dark red chloroform extract was dried over calcined calcium chloride, the solvent was then driven off and
the residuc was fractionated, The following fractions were obtained: Ist, 90-92° (3 mm), 4.3 g 2nd, 98-100°
@ mm), 1.7

The 1st fraction was 4-methyl-2-8-( y hylthiazole; yield 31% based on the reacted
2,4-dimethylthiazole. The compound was very unstable and was therefore analyzed in the form of the picrate.
The latter was prepared by combining hot alcoholic solutions of the components, The resulting picrate (yield

857) after crystallization from alcohol, had m.p. 105-106.5".

Found %: C 42.67, 42.53; H 4.25, 4.20; § .81, 7.75; N 17.65, 17.61. CyyH;06N;S. Caled. e C 42.29;
H 4.20; S 8.02; N 17.53.

The fraction, b.p. 98-100° (3 mm), was 4 1-2-(di hylthiazole (yield 9.4%,
based on the reacted 2,4-dimethylthiazole). Due to its instability, the compound was analyzed in the form of
the methiodide. Upon stirring and cooling with ice, a solution of 1.7 ml of methyl iodide was added to 1.7 g
of the compound. The resulting oil rapidly crystallized upon addition of anhydrous ethyl alcohol. The precipi-
tate was filtered off, washed with anhydrous alcohol and ether and dried. M.p. 208-209°,

Found % C 30.41; H 5.76; N 8.32. CygthsNySly. Caled. e C 30.54; H 5.32; N 8.22.
Picrate had m.p. 150-151-151.5°

Found %: N 18.66. CyHpOgNeS. Calcd. % N 18.64.

4-Methyl-2-8-(di iazole (Il1). A mixture of 34 g 2,4-dimethylthiazole, 33g diethyl-
amine fiydrochloride, 13.5 g paraformaldehyde, 99ml anhydrous alcohol and 3 ml concentrated hydrochloric acid
was heated on a water bath for 12 hours. The alcohol was then driven off from the reaction mass and the crystallized
residue was extracted with ether for extraction of initial dimethylthiazole (21 g). The resulting precipitate was
dissolved in 50 m1 of water, the solution was saturated with soda and extracted with chloroform. The chloroform
solution was washed with aqueous soda solution, dried, and the solvent was driven off. The residue was fract-
fonated. Yield 3 g of compound, b.p. 96-97° (2 mm).

Found %: C 60.30, 60.36; H 8.99, 9.03; S 16.14, 16.24. CyH;N,S. Calcd. % C 60.56; H 9.14; S 16.11.
SUMMARY

2,4-Dimethylthiazole reacts with di ine and , forming 4 B-(dimethyl-
amino)-ethylthiazole and 4-methyl-2-di-(dimethylaminomethyl)-methylthiazole.

2,4-Dimethylthiazole reacts with diethylamine and formaldehyde to form 4-methyl-2-8 -(diethylamino)-
ethylthiazole.
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ORGANIC INSECTOFUNGICIDES
XVII. A NEW METHOD FOR THE PREPARATION OF ESTERS OF CHLORO- AND DICHLOROTHIOPHOSPHORIC
ACIDS

Z. M. Bakanova, Ya. A. Mandelbaum, N. N, Melnikov and E. I. Sventsitsky

As Is known, organic phosphorus compounds are steadily acquiring greater and greater importance in com-
bating different plant parasites, and their scale of use in agriculture is constantly being expanded [1-4]. Diethyl
chlorothiophosphate is used as starting material in the synthesis of many active contact and systemic insecticides,
the preparation of which presents known difficulties. Up to now the following methods have been given in the
literature for the preparation of diethyl chlorothiophosphate.

1. Reaction of sodium ethylate with phosphorus thiotrichloride [5): PSCIy + 2CyHsONa = (CpH;O)PSCl +
+9NaCl. According to the data of the American investigators the yield of diethyl chlorothiophosphate in this
reaction is about 50% [5]. The use of sodium ethylate is quite inconvenient due to the need of working with
metallic sodium. 1t is also possible to obtain diethyl chlorothiophosphate by the reaction of phosphorus thio-
trichloride with alcohol in the presence of sodium hydroxide [6].

2. Reaction of phosphorus thiotrichloride with anhydrous alcohol in the presence of pyridine, but the yleld
in this case fails to exceed 24%[7).

3. Chlorination of diethyl chlorothiophosphoric acid (8, 9] with different chlorinating agents. The yield
of diethyl chlorothiophosphate by this method exceeds 70%, but the starting product here is diethyl dithiophos-
phoric acid, which is obtained in about 75% yield [10, 11}, i. e. the final yield, based on starting crude, in this
case also is only slightly more than 507%.

Ethyl di i and triethy] thi can be obtained by analogous methods [12, 13].

In view of the fact that the esters of thiophosphoric acid are of interest as raw materials for the preparation
of insecticides we made a special study of different methods for the synthesis of diethyl chlorothiophosphate and
other esters of thiophosphoric acid. One of the interesting new methods for the synthesis of diethyl chlorothio-
phosphate and triethyl thiophosphate is the reaction of aluminum ethylate with phosphorus thiotrichloride. As
a result of the present study it was shown that the reaction of ichloride with aluminum ethylate
proceeds in accord with the following basic schemes:

PSCly + Al(OC;Hg) = AICl + (CH;O)PS,
3PSCly -+ 2A1(OC;Hg) = 3(C3H;O0),PSCl =+ AICl;,
3PSCly+ Al(OC,Hg)s = 3C;HzOPSCl -+ AICl;.

Here aluminum chloroethylate is obtained together with aluminum chloride, as a result of which the
yields of chlorothiophosphoric acid esters show considerable reduction. A reduction in the yield of chlorothio-
phosphoric acid esters is also obtained as the result of the thiof and ic acid
esters being reduced by the aluminum alcoholate, Under the optimum conditions we were able to obtain diethyl

i and ethyl in about 40-45% yield, which approaches the yield of

diethyl chlorothiophosphate from sodium ethylate and phosphorus thiotrichl oride.
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EXPERIMENTAL
1. Preparation of aluminum ethylate, Fine aluminum wire, foil of powdes was used to prepare alumi-
num ethylate. Tn order 1o accelarate the sluggish reaction of aluminum with alcokol, the aluminum was
activated with mercury acetate and fodine [14). Aluminum, absolute ethyl alcohol, about 0.1 g mercury
acetate and a small fodine crystal were placed in a flask fitted with reflux condenser and closed calcium
chloride tube and the reaction mixture was boiled until complete solution of the aluminum. 4 2-4 fold
excess of anhydrous alcohol was used to prepare the aluminum ethylate, \When aluminum ethylate was pre-
pared with an equimolecular quantity of alcohol, organic solvents, for example benzene, were used to dilute
the reaction mixture, Under these conditions, the preparation of aluminum ethylate went half as fast.
of ethyl dich 17 g of thiotrichloride was placed in a
a solution of aluminum
zene, was added

2.
flask fitted with reflux condenser and mechanical stirrer and upon cooling and stirring,
ethylate, prepared from 0.5 g metallic aluminum and 3 g anhydrous alcohol in 8 ml of ben
After addition of the aluminum ethylate, the reaction mixture was heated on a water bath at 50° for 3 hours.
After the reaction was complete and the reaction mixture was cooled, it was washed with ice water and
acidified with hydrochloric acid. The benzene layer was separated, dried with anhydrous calcium chloride;
the benzene was driven off and the ethyl i was distilled. Yield of pure com-
pound was about 40%.

B.p. 68° (20 mm), ) 1.3968, n%5 1.5030. According to the literature data, ethyl dichlorothiophosphate
has b.p. 68° (20 mm) and d§ 1.3966 [15).

3. Preparation of diethyl chlorothiophosphate. A solution of aluminum ethylate, prepared from 2 g
metallic aluminum and 25 ml anhydrous ethyl alcohol was gradually added with cold-water cooling to a
flask fitted with reflux condenser and ical stirrer, 34 gof iotri After
addition of all the aluminum ethylate, the reaction mixture was held at 50-60° for 2 hours. When the react-
ion was complete, the mixture was cooled and treated with 70 ml cold water, containing admixed hydro-
chloric acid. The resulting oil was separated, dried over calcum chloride and vacuum-fractionated. Yield
of diethyl chlorothiophosphate was about 42%.

B.p. 96-98* (25 mm), df 1.2015, nf§ 14670, According to the literature data, diethyl chlorothiophos-
phate has b.p. 96-99° (25 mm), d§ 1.2017 and nf§ 1.4678.

SUMMARY

A new method was proposed for the preparation of chloro- and dichlorothiophosphoric acid esters by
the reaction of phosphorus thiotrichloride with aluminum ethylate. The yield of chloro- and dichlorothio-
phosphoric acid esters by this method s greater than 40%.
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ORGANIC INSECTOFUNGICIDES
XIX. SYNTHESIS OF MIXED ESTERS OF DITHIOPHOSPHORIC ACID CONTAINING AN AMIDE GROUP IN
‘THE ALIPHATIC ESTER RADICAL

K. D. Shvetsova-Shilovskaya, N. N. Melnikov and N. I. Martemyanova

Among the organic phosphorus compounds, in recent years finding quite extensive use in agriculture, the
systemic type of i ides possess consi interest, their disti feature being the ability to move
through the vascular system of plants and in the course of a variable length of time to kill the parasites, feeding
on the saps of the plant meated in this manner. Up to now two types of organophosphorus compounds possessing
systemic action have been described: 1) the mixed esters of thio- and dithiophosphoric acids, containing
sulfide sulfur or some other functional group in the ester radical, and 2) the amides of pyrophosphoric and phos-
phoric acids [1-6]. One of the active compounds of the first group is "Systox"(ethylmercaptoethyldiethyl thio-
phosphate), and in the second—p ic acid ide. It was recently shown in our
laboratory that some of the thiophosphoric acid amidoesters also show the properties of systemic insecticides,
although in the duration of their effect they. are somewhat inferior to the octamethyltetraamide of pyrophos-
phoric acid (7).

In connection with our study of the relationship between structure and the insecticidal activity of organic
phosphorus compounds it seemed of interest to study the mixed esters of dithiophosphoric acid, containing amino-
and amido- groups in the ali Only : few comp of this type have been described
in the literature, and it is only very recently that .iformation has appeared on the presence of insecticidal
properties in them [8]. We first undertook a study of the compounds having the general formulas (1) and (ID),
where R and R' are aliphatic hydrocarbon radicals:

s o
7 7 7 7
(RO)F—SCH,—N—CZ0R", (ROKF—SCH~N—COR".

R H; R
a an

These compounds are easily obtained by the Mannich reaction in the reaction of the partial esters of
dithiophosphoric acid with aldehydes and esters of carbamic acid:

S
va
lROhP//—SH + R"'—C{O -+ F}IH—COOR” —> (ROy)P—SCH—N—COOR"
H

[
R R R

The compounds obtained by us and their properties are given in Tables 1and 2.

A study of the insecticidal properties of the compounds synthesized by us revealed that they are weak
insecticides of the contact type, but some of them also possess the properties of systemic insecticides and in
their activity and duration of action approach the ide of acid.
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TABLE 1 S partial ester of dithiophosphoric acid, the temperature of the reaction mixture gradually rose to 40-50°.
On addition of the total quantity of partial ester of dithiophosphoric acid, the reaction mixture was set

aside for 1-3 days at room temperature. After the reaction was complete, the resulting product was ex-
tracted with benzene, the benzene solution was washed twice with water, dried with sodium sulfate, the
Analysis for P (%) benzene was driven off and the residue was vacuum-fractionated. None of the prepared compounds are

Yield | Boiling point ;
and presswre | ' found caleulated described in the literature.
{in mm) SUMMARY

1 "
Properties of Mixed Esters of Dithiophosphoric Acid of General Formula mokp»scn,—?:—coon
R

|

107-110° | 1.3498 10.76, 10.55 For the purpose of studying their insecticidal properties we synthesiz>d a number of previously unknown
| mixed esters of di ic acid, the group in the aliphatic ester radical. Most

1 11904 10.68, 10.68 of the compounds synthesized by us appear as weak contact insecticides, but some of them also show quite

strong systemic action.

1.0866 9.47, 9.41
(0.075) LITERATURE CITED

Gy . 122; 124 m.p. 9.25, 9.03 g [1] W. E. Ripper, G. §. Hartley,Bull, Entomol.Research, 40, 481 (1940).
(0.175)
GHy X 107-114 10.2, 10.25 [2] U.S. Patent 2571989; C. A., 46, 3066 (1952).

o 14;0115—)0 891, 8.95 [3] Brit. Patent 652981; C.A., 46, 1025 (1952).
X -152 .91, 8.

(0.45) [4) Swiss Pat. 275704; C.A., 46, 3397 (1952).

GHy 124-127 8.22, 8.28 . [5) R. Rilhmer, Agr.Chemicals, 10, 47 (1955).

©02)
CHy . 108-113 10.09, 10.48 . P. Miller, Agr. Chemicals, 6, 63 (1951).

(0.18) | (7] N. N. Melnikov, A. Ch. Zenkevich, J. Gen. Chem., 25, 802 (1955) (T.p. 769)*.
is0-CgHy 112-120 9.47, 9.90
(0.18)
1s0-CgHy | 39. 113-120 8.27, 8.18
(0.15)

is0-CgHy | 170.; 136-140
(0.18)

CH, GHy X 100 . . —
(0.20) : « T.p. = C. B. Translation pagination,

[8] R. Ghosch, I. F. Newman, Chem. . Ind., 1955, 11.
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TABLE 2

S
Properties of Mixed Esters of Dithiophosphoric Acid of General Formula (RO),Pf‘S(‘:H—]‘\!*COOR"
CHy R'

Yield | Boiling point and

| n ‘Analysis for P (%)
%) pressure (in mm) 4 |caloulated

EA o
N D |found [calculated

74-83° (0.1) 11592 | 1.4896 | 10.4 10.3
90-93 (0.4) 1.1008 1.4744 9.65 9.4
95-114(0.3-0.4) | 1.0845 | 1.4906 | 9.35 8.68
70-71 (1) 11826 | 1.4980 | 976 : 103
75-85 (0.3) 1.0703 | 14925 | 8.35 ' 8.65

|

i

99 (1) 1.0798 1.4780 9.1 8.65
92-103 (0.3) 1.0554 1.4855 8.61
85-175 (0.3) 1.0595 1.4973

EXPERIMENTAL

Preparation of the mixed esters of dithi acld, ining the group in the
aliphatic ester radical, was carried out as follows: a mixture of aldehyde with carbamic acid ester was
placed in a flask fitted with reflux condenser, mechanical stirrer and dropping funnel; the partial ester of
dithiophosphoric acid was gradually added with vigorous stirring to the reaction flask, Upon addition of the
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QUINOLINE AND ITS DERIVATIVES
XIII. SYNTHESIS OF QUINOLINE BASES FROM DIAMINES OF THE DIPHENYI, SERIES

B. I. Adrashev and Yu. M. Kozlenko

Earlier it was shown that the syntheses of quinoline bases from diamines appear to be specific, due
to the different yields and depending on the methods used for their preparation [1, 2). In this communication
we give the syntheses of a number of quinoline bases from substituted benz{dines. The rules mentioned in
previous papers can also be extended to these syntheses, and specifically the highest yields of quinoline bases
are obtained by the Skraup reaction, the median yields by the Baeyer reaction, and the lowest yields by the
Doebner-Miller reaction (sce table). The best yield by Baeyer [1] and Doebner-Miller reactions is obtained
; . with tolidine, which depends on the better solubility
TABLE <[ the hydr. chiorides formed from its breuinoline
¥ie1ds of Cuinolines from Diamines of the Diphenyl beses. Thus the meslianism of these synthieses was

tivs in " Based on Sterting Zmine) assumed to e in e ccord with 197, The Bicuinoline
———— Fases, contaimny methyl “roups in the 2,2*-.ositi. ns,
Designation of Amine | KF2UP | Doebner-Bacyer o ianve b\quin)nphl!mh,mc dyes (1, 31,
© iReaction Miller  [React-

Benzidine EXPERIMENTAL
Tolidine

Dianisidine | Synthesis of 8,8'-dimethylbiquinoline.
" 7.6 g diacetyltolidine, 6.1 g p-nitrophenol, 26.2 g

dehydrated glycerine, 2.2 g iron sulfate and 13.1 ml
concentrated sulfuric acid (d 1.84) were placed in

a half-liter round-bottomed flask. The flask was equipped with air condenser and the mixture was heated on
an o1l bath for 5 hours at 135-140°. Upon completion of heating, the mixture was set aside overnight and

then 130 m1 water was added and the mixture was heated 1o a boil. The hot solution was filtered free of

resin. The filtrate was allalized with 30% alkali. The precipitate was filtered off and dissolved in dilute
(1:4) sulfuric acid. Upon cooling, the sulfate salt of the base came down and was filtered off and decom-
posed with soda, After purification, 8,8'-dimethylquinoline was a white, finely crystalline substance, m.p.
192°. Yield of prodiict 5.27 g (73. 6%).

3,3'-Dichlorobenzidine

Found %: N 9.70 (Dumas). CpoHyN,. Calcd. %z N 9.85.

Synthesis of 8,8'-dimethylbiquinaldine. A mixture of 10.6 g tolidine, 12 ml hydrochloric acid and

47 ml paraldehyde was heated over a water bath for 5 hours and set aside overnight. It was then boiled with
50 ml of water and the resulting resins were filtered off. The filtrate was diluted with water to approximately
. umes its original bulk and alkalized with 30% caustic soda solution. 4 white resinous product formed,
21.3 g, which rapidly tumed brown in the air. Upon treatment with acetone, a considerable portion of the
product dissolved and after washing, there remained a white, finely crystalline precipitate of teramethyl-

noline, 3.41 g, which had m.p. 181°. Upon treatment with phthalic anhydride [1,4), from the filtrate
we isolated 0.5 g of base, m.p. 160-165°. The total yield of teramethylbiquinoline was 3.91 g (25.3%)

Found %: N 9.07. CpgHygly. Calcd. 9 N 8.97.

A mixture of 12.2 g dianisidine, 22.5 ml concentrated hy-
¢rochloric acid and 45 ml paraldehyde was treated as in the preceding experiment. Yield 2.3 g (13.4%) of
quinoline base, m.p. 195-200°, which after purification with acetone, caked at 248-251°.” Yield of pure base
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was 150 g (2.0%). The picrate (from alcoliolic solution) caked at 269-272°.

Found %: N 8.31. CyplyyO;N,. Caled. % N 8.13.

Synthesis of 8,8'-dichlorobiquinaldine. 8.4 g of 3,3'-dichlorobenzidine, prepared from o-chloro-

nitrobenzene was placed in a hali-liter round-bottom  flask and 15 ml of hydrochloric acid (d1.119) was
added with stirring; the misture was cooled to room temperature and 15 ml of paraldehyde was added drop-
wise. The mixture was heated for 5 hours over a water bath, the flask being fitted with a reflux condenser.
The mixture was set aside overnight; 50 ml of water was then added and the contents of the flask were
boiled; resins were filtered from the hot solution. The filtrate was greatly diluted with water and alkalized
with 30% caustic soda solution. 3.1 g of precpitate, m.p. 177-180° came down, which was the quinoline
base (with resinous impurities) in mixture with unreacted dichlorobenzidine. The product was recrystallized
from ether. Yield 1.15 g (9.7%) of pure base, m.p. 243°; the quinophthalones 1, 3], synthesized from the
quinaldine bases, were obtained in yields of 70-75%. The biquinophthalones were dark-brown powders which
did not fuse when heated at temperatures above 360°. The substantive dyes [1] prepared from them, colored
cotton and silk various shades of yellow.

Analysis of bi from 8,8°-di i
Found % Cl11.31; N 4.62. CygHyOyCly. Caled, %: C111.50; N 4.57.

Synthesis of 2,2',4,4" ichl line. 8 g of 3,3'-dichlorobenzidine was stirred in
30 ml of concentrated hydrochloric acid (d 1.19) and then to this was added a mixture of 35 m1 of paraldehyde
and 40 m1 of acetone (saturated with hydrogen chloride the previous day) and the flask was then heated for
5 hours on a water bath. The next day, the mixture was diluted with 50-70 ml of water, boiled, and the resins
were filtered from the hot filtrate. After weatment of the filtrate with 30% caustic soda solution, 16 g of pre-
cipitate came down, m.p. 220°. After removal of the bases dissolved in the acetone (40 mm), pure tetra-
methyldichlorobiquinoline, m.p, 250°, 6,48 8 (27.0%) was obtained.

From the acetone solution of bases, 2.8 g of product, m.p. 252° was obtained with the help of phthalic
anhydride. The total yield of biquinoline bases was 9.28 g (37.6%). The biquinophthalone of the base was
prepared, yield 74.5%,

Analysis of the biquinophthalone. Found % Cl11.12; N 4.41. CyHiyONyCly. Caled. %: Gl 11.08;
N 4.36,

The corresponding biquinophthalone dye, prepared from this intermediate, colored cotton (from a soda-
alkaline bath with Glauber salt) egg-yellow, and silk (from a weakly acid bath) golden-yellow.
SUMMARY

1. From diamines of the diphenyl serieswe obtained 5 previously unknown biquinoline bases and 4
new substantive dyes.

2. The different ylelds of biquinoline bases, obtained by the Skraup, Doebner-Miller and Baeyer
reactions, can be explained by the mechanism peculiarities of these reactions, showing characteristic
appearance when diamines are used.
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A STUDY OF THE SULFONATION REACTION
XXXVIIL. THE PREPARATION AND PROPERTIES OF 1,8-NAPHTHALENEDISULFONIC ACID

B. I. Karavaev and A. A. Spryskov

In accord with the Armstrong-Wynne rule, it is known that 1,8-naphthalenedisulfonic acid was not
found in the sulfonation of 1-naphthalenesulfonic acid, whereas in the niwation of 1-naphthalenesulfonic acid
ine nivo group readily enters the 8 position. Consequently, to study the steric influences and nature of sul-
fonaring forme, we attempted in the present study to show the presence of 1,8-naphthalenedisulfonic acid in
the sulfonation mixture that is obtained under direct sulforation, for which reason it was ncessary to preparc
and study some of the properties of this acid.

1,8-Naphthalenedisulfonic acid was first obtained in the oxidation of bis(8-sulfo-1-naphthyl) disulfide
wil permanganate [1). The disulfide was obtained through the xanthate from 1-amino-8-naphthalenesulfonic
acid by the Leuckart method [2]. Armstrong and Wynne [3] also made use of the same method, in addition
obtaining the acid anhydride with m p. 227 when the acid was treated with phosphorus pentachloride.

Cumming and Muir [4] treated diazotized 1-amino-8-naphthalenesulfonic acid with copper sulfate
solution, reduced with sulfur dioxide. Here reaction of the reaction product with phosphorus pentachloride
4lso gave the anhydride of the 1,8-acid with m.p. 225°. The yields of the products are not shown in the
literarwe, The free 1,8-disulfonic acid has not been described.

EXPERIMENTAL

Preparation of 1,8-naphthalenedisulfonic acid. 24 g of twice-recrystallized (with charcoal) commercial
-naphthylaminesulfonic acid was diazotized by the usual method. The filtered and washed diazonium pre-
cipitate vas mixed with water and the slurry was introduced into a cooled (to 5°) solution of disulfide, prepared
fiom 26 5 of crystalline sodium sulfide and 3.5 g sulfur in 50 ml of 10% caustic soda. After 3 hours, the solu-
fion was acidified with hydrochloric acid, heated to remove hydrogen sulfide and the sulfur was filtered off.

e disulfide-disulfonic acid was precipited with banium chloride as the barium salt, which upon being heated
with soda solution, was converted to the sodium salt; the latter was oxidized with permanganate as described

1 (1] After separation of manganese diovide and concentration of the solution to low bulk, 16.7 g (54%) of
1.8-disulfonic acid salt crystallized out

For conversion to the anhydride, the salt was heated with phosphorus pentachloride, phosphorus pentoxide
and chlorosulfonic acid. It was found that the phosphorus compounds convert the salt to the anhydride in yields
of from 35 to 55%. The best results were obtained upon heating 10 g of salt with 30 ml of chlorosulfonic acid
for 2.5 hours at 55-60°, After pouring the mixture on ice, we obtained the anhydride in a yield of 85%. The
rectystallized (once from dichloroethane) anhydride had m.p. 232°. Repeated recrystallizations did not raise
the melting point.

After being heated for 30 minutes with 25% ammonia solution, the acid anhydride was converted to
the salt of the ide of 1,8-disulfonic acid, readily soluble in water, separating out only
upon evaporating down the solution.

Upon treatment with barium chloride in solution, the ammonium salt was converted to the barium salt
of the monoamide, very sparingly soluble in cold water but readily soluble in hot water. The barfum salt of
the amide (dried inair) contained 4.5 moles of water of crystallization, which was removedby drying 2 hours
ar 110°,
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The analytical data for barium, obtained by calcination of the salt and for nitrogen, by the Dumas

metnod, corresponded to the given formula.

Found %: Ba 19.21; N 3.64, 3.55. CyoHy¢OySyBa. Calcd. %: Ba 19.36; N 3.94.

When the barium salt of the amide was dissolved in water, the barium precipitated by the calculated

quantity of sulfuric acid and the solution concentrated to obtain the monoamide of the 1,8-acid, the residue
ylelded the anhydride of the 1,8-acid. Concentration over a water bath or in vacuum at room temperature
always brought about the formation of the anhydride after evaporation of water. The resulting product had
m.p. 232", gave no depression in a test mixture with the anhydride of 1,8-naphthalenedisulfonic acid and
contained no nitrogen.

acid was converted with exceptioml ease to the

Thus, the of 1,8
acid anhydride with splitting out of ammonta.

In order to prepare free 1,8-naphthalenedisulfonic acid, its anhydride was hydrolyzed upon heating
on a water bath with 80% alcohol until complete solution of precipitate. After evaporation of the solution
to dryness, 1,8-naphthalenedisulfonic acid was obtained in the form of colorless needles, readily soluble
in water, which crystallized from 10% hydrochloric acid. Titration with alkali showed that the acid (dried
in a desiccator oven caustic soda) contained 4 molecules of water of crystallization.

Found M 361.0, 361.4. CyHgOgS" 4H,0. Calcd. M 360.3.

Experiments were carried out to study hydrolysis of the 1,8-acid.

A weighed sample of disulfonic acid with water or with sulfuric acid was heated in a sealed tube in
an Eichman apparatus. The reaction product was poured into water and naphthalene was filtered off and
determined by the previously described method [5). The sulfuric acid was determined in the filtrate gravi-
metrically. The increase in the amount of sulfuric acid after hydrolysis and the weight of the naphthalene
which formed enabled the determination of the quantity of disulfonic acid which hydrolyzed to naphthalene
and monosulfonic acid.

‘The experimental results, given in the table, show that 1,8-disulfonic acid hydrolyzed much more
readily than the other 6 disulfo-isomers which formed upon direct sulfonation. Thus, 1,5-disulfonic acd
is the most labile isomer of the latter group and after 100 hours at 100°, it hydrolyzes in the presence of 45%
sulfuric acid to the extent of 5% [6], but 1,8-disulfonic acid will hydrolyze completely after only 5 hours in
the presence of 38% sulfuric acid.

TABLE
Hydrolysis of 1,8 Disulfonic Acid of Naphthalene

Moles of water | Concentration of Duration of | Hydrolyzed disulfonic acid
per mole disul- | sulfuric acid in | Temperature | heating | (% of taken amount)
fonic acid mixture (in %) (hours)

Expt. No.

to naphthalene  to monosul-
fonic acid

9.3 0
9.0 38.0
9.3 0
9.3 38.2
9.0 0
9.2 31.7
9.2 0

The hydrolysis of the 1,8-disulfonic acid proceeds with considerable rapidity even at 56°, The great
lability of the 1,8-isomer is probably the reason it was not detected in the sulfonation mixtures prepared by
direct sulfonation.

‘The insolubility of the 1,8-acid anhydride in water may be utilized to detect the presence of the
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1.¢-acid in the sulofnation mixture prepared by sulfonation of orof 1 acid;
the anhydride readily forms in the sulfo-mixture in the presence of sulfuric acid monohydrate or of fuming
sulfuric acid.

Thus, 3 g of 1,5-naphthalenedisulfonic acid and 0.15 g of 1,8-disulfonic acid were dissolved in 20 ml
of 100% sulfuric acid at room temperature and the mixture was kept at room temperature for 40 minutes,
The mixture was poured in cold water and the resulting precipitate, after 24 hours, was filtered off and dried.
¥ield 0.08 g of 1,8-acid anhydride, m.p. 229-231°.

Thus, if the sulfonation mixture contains 5% 1,8-acid out of the total sulfonic acids present, it can be
detected with this method.

1-Naphthalenesulfonic acid was sulfonatedat room temnp.  with 92% sulfuric acid in the course of 3 to
90 days and also with 100% sulfuric acid in the presence of 5% mercuric oxide by weight of the sulfonic acid
or n the presence of mercury sulfate. In the latter case the temperature was held at 0°. To form the anhydride
after sulfonation, the mixture was treated with an excess of 100% sulfuric acid and poured in water; at this
point a fine precipitate always formed which caused turbidity and which dissolved aftersome time had elapsed.
This precipitate was evidently the anhydride of 1,5 -naphthalenedisulfonic acid, the formation of which is
possible under similar conditions as demonstrated by Blangey and Fierz-David [7]. Insoluble precipitated
anhydride of the 1,8-acid was not found in even one case of sulfonation. It was not found even after sulfona-
uon of 1-naphth with acid at -8°.

DISCUSSION OF RESULTS

‘The inability for entrance of the sulfonic group in the peri position to the sulfonic group already pre-
sent in the naphthalene ring should be explained as being due to steric hindrances, which at the same time.
are not present in the nitration reaction. As is known, the nitrating form is the nitronium cation NC;*,which
imitates the CC, molecule, and similar to the latter, is represented as the linear symmetical particle
0 =N =0, which is shown by a study of its Raman spectra [8]. As  result, the nitonium cation can be re-
garded as being a rod, the entrance of which in the peri-position to the sulfonic group already present in the
naphthalene nucleus is not difficult. The cation SO3H* and HySO4* can serve as the sulfonating agent, the
theories as to the existence of which were evaluated earlier [9]. The first cation imitates the nitric acid
molecule and, simialr to it, should possess a planar structure.

The second cation can only be three-dimensional with a tetrahedral structure. The probability of
surmounting steric hindrances is considerably greater for the SOgH* cation than for the HgSO4* cation due to
the considerable size of the latter,

‘The experiments made on studying the sulfonating activity of oleum showed [10] that the HySO,*
cation is the most probable sulfonating form.

The practically complete absence of 1,8-naphtha acid in the ion products of
the 1-acid also shows that the HySO4* cation is the sulfonating form, rather than the SOGH' cation.

SUMMARY

1. The free 1,8-naphthalenedisulfonic acid was obtained for the first time, and some of its properties
were swdied. A study of the hydrolysis of the 1,8-acid showed that it is the least stable isomer of the seven
disulfonic acids of naphthalene

2. A more accurate melting point for the anhydride of the 1,8-acid was found, and from it we obtained
the barium salt of 1, i ic acid It was shown that the monoamide of the
1,8-acid is converted into the acid anhydride when its isolation from solution is attempted.

3. The sulfonation of 1-naphthalenesulfonic acid under diverse conditions revealed the practically
complete absence of 1, i acid in the mixture; ly, the sulfonati
process most frobably proceeds with the aid of the HySO,* cation.
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THE REACTION OF TRICHLOROPHOSPHAZOSULFONARYLS WITH ALCOHOLS
A. V. Kirsanov and V. I. Shevchenko
A study of the reaction of trichlorophosphazcsulfonaryls with alcohols was undertaken for the purpose

of obtaining the previously unknown yls and Iky! esters of arylsulfon-
amidophosphoric acids, in accord with the scheme:

AISCyN = PClg + ROH — HCI + ArSC;N = PC',(OR) )
ATSOpN = PCIy(OR) + 2H;0 — 2HCI + ArSO,NHPO(OH)(OR). (I

The trichlorophosphazosulfonaryls readily react with alcohols. The first chlorine atom reacts con-
siderably faster than the subsequent ones; in this connection an unstable molecular compound, without the
liberation of hydrogen chloride, is formed first; then, in the course of 60-90 minutes, at a temperature of
5-8° there is liberated about 0.8 equivalent of hydrogen chloride, at a rate that corresponds to a 1st order
reaction. Depending on the nature of the trich y1, the reaction ions and the nature
of the reaction products (their solubility), different types of substances are formed. Thus, for example, from
a-wichlorophosphazosulfonnaphthyl in ether solution the crystalline, difficultly ether-soluble methoxydichloro-
phosphazosulfon- «-naphthyl (the dichloride of the ester of « imi i
acid) is easily obtained in good yield by Scheme (I). If the reaction is run in such manner that the hydrogen
chloride formed here is prevented from escaping, then the dichloride of «-naphthylsulfonamidophosphoric
acid and methyl chloride are formed in good yield, in accord with the scheme:

AISO,N = PCly + CH;OH —> CHyCl + ArSO,NHPOCI,. am

Trichlorophosphazosulfonphenyl and -o-tolyl also react in the same manner, i. e. in the presence of
hycrogen chloride they react by Scheme (1), and when the hydrogen chloride is removed they react by
Scheme (). However, in contrast to the o-naphthyl derivative, the methoxydichlorophosphazosulfonphenyl
and -o-tolyl are liquids, readily soluble in ether and benzene, and failing to distill without decomposition;
for this reason they cannot be obtained pure.

Trichlorophosphazosulfon-p-tolyl and -8 -naphthyl also react very easily with methyl alcohol; here
crystalline substances are obtained in good yields, still of unestablished structure, and not being either methoxy-
dich of the dichlorides of the free p-tolyl- and 8 -naphthylsulfonamidophos-

phoric acids.
A change in the reaction course in the presence of hydrogen chloride is fully understandable, has been
observed many times, and is explained by the scheme:

AISCN = PC'y(OCHg) + HCl —= CHyCl + ArSO;N = PCI,(OH). av)
‘The rate of Reaction (IV) depends on the nature of the aryl radical. For the phenyl derivatives React-
fon (1V) proceeds rapidly (days), while for the o-tolyl and a- naphthyl derivatives it proceeds at a considerably

slower rate (weeks). It is very possible that the faster rate ofReaction (IV) determines the special direction of
the reaction for the p-tolyl and 8- naphthyl derivatives. Probably, these derivatives momentarily give di-

chlorides, which condense with the still 1 to yield p:

acid derivatives, the latter then suffering partial from the tri -
p-tolyl and -B-naphthyl it is impossible under any conditions to obtain either the methoxydichlorophosphazo
compounds or the dichlorides of the free p-tolyl- and 8 -naphthylsulfonamidophosphoric acids.

Meth ;phaz phthyl, a-CigH;SO,NPCIy(OCHy) (V), when carefully hydrolyzed
gives the ester of « i acid,
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- CyyH SO, NHPO(OH)(OCHg) (v
In its chemical properties (VI) behaves as a dibasic acid (to phenolphthalein), displacing carbonic
acid from its salts,

The sodium salt of (V) is considerably more stable than is the ester itself. It can easily be obtained
directly from (V) by treatment with sodium hydroxide solution and crystallizes well from aqueous sodium
chloride solution. With methyl alcohol (V) gives phthyl (the chioride
of the dimethyl ester of ¢ -naphthylsulfonimidophosphoric acid), a-CygHySO;N = PCI(OCHg) (VII).

The already known dimethyl ester of a-naphthylsulfonamidophosphoric acid [1] is obtained in the
hydrolysis of (VII). Trimethoxyphosphazosulfon-c-naphthyl [2] is obtained in good yields when either (V)
or (VII) is treated with sodium methylate, which proves the structure of (V) and (VID).

The methoxydichlorophosphazosulfonphenyl and -o-tolyl were obtained as colorless transparent liquids
with a pure substance content of about 68 and 627, respectively. Their composition and structure were shown
by analytical data, and by their transformation into trimethoxyphosphazosulfonphenyl and -o-tolyl, respectively.
When the trichlorophosphazosulfonaryls are reacted with alcohols,the latter taken in large excess, the
tria 1s are formed first, which then show comparatively rapid and com-
plete wansformation into the dialkyl esters of arylsulfonamidophosphoric acids, in accord with the scheme:

AISON = P(OR)g + HCl —RCl + AISO,NHPO(OR);.

Thus, for example, the weatment of trichlorophosphazosulfonaryls with a large excess of methyl
alcohol for 1 hour gave from 9.6 to 37.5% of trimethoxyphosphazosulfonaryls and from 21.5 to 50.8% of the
dimethyl esters of arylsulfonamidophosphoric acids. With ethyl alcohol under the same conditions the yields
of the wiethoxyphosphazosulfonaryls ranged from 26.4 to 34.1%, and of the diethyl esters from 22.7 to 45.6%.
If the reaction mixture is allowed to stand at room temperature for a day, then the yield of the trialkoxyphos-
phazosulfonaryls drops to zero, while the yieldof the dialkyl esters of the arylsulfonamidophosphoric acids
rises to 80%.

EXPERIMENTAL

Order of reaction of u yls with alcohols. A solution of 0.03 mole methyl
alcohol in 30.0 ml of benzene was added in the course of 2 minutes with vigorous stirring and continual pas-
sage of carbon dioxide at 5-6" to a mixture of 0.03 mole 8 - trichlorophosphazosulfonnaphthyl and 30.0 ml of
benzene. After 1-2 minutes, the chloride had completely dissolved, indicating the formation of the inter-
mediate addition product, which is soluble in benzene. After all the chloride had dissolved, the temperature
was raised to 8-10°. The hydrogen chloride which evolved was absorbed in water and titrated (Table 1).

TABLE 1 TABLE 2

Duration | Quantity of |Reaction-rate constant, Duration | Quantity of ~|Reaction-rate constant,
of react- | hydrogen |calculated for reaction: of react- | hydrogen  [calculated for reaction:
fon (in | chloride Ist order | 2nd order fon (in | chloride
minutes) | evolved (in minutes) | evolved (in
moles) moles)

1st order 2nd order

10 0.00270 0.00942 10 0.00227 0.0257 0.191

20 0.00597 0.0112 20 0.00467 0.0315 0.285

40 0.01156 0.0121 30 0.00591 0.0298 0.313

65 0.01662 0.0124 40 0.00667 0.0275 0.325

80 0.01900 0.0125 60 0.00774 i 0.0251 0.370

0.00962 0.01 mole more of methyl
alcohol was added to re-

| action mixture

0.01017 -

0.01039 -

0.01051 -

0.01054 -
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An experiment with 0.01 mole of trichlorophosphazosulfonphenyl in 85 ml benzene (wtal voi.) was
performed in the same manner (Table 2).

It must be emphasized that these cxperiments were not devised to determine the absolute value of the
reaction-rate constant, but were devised only to determine the order of the reaction and compare the reaction
rate of the first and second chlorine atoms.

A comparison of the reaction-rate constants, calculated for the first and second otders, clearly shows
that the reaction of wichlorophosphazosulfonaryls with methyl alcohol corresponded fo the first order. Since
equimolar quantities or reagents were taken, the existeace of a pseudofirst order is improbable and, consequent-
1y, the splitting out of hydrogen chloride is preceded dy the very rapid addition reaction which occurs with-
out scission of hydrogen chloride and then the slowly proceeding decomposition reaction of the addition com-
pound (1st order) takes place with splitting out of hydrogen chloride.

A comparison of the quantities of hydrogen chloride which evolved after addition of the first and
second moles of methyl alcohol (for identical periods of time) shows that the first chlorine atom reacted
at a considerably greater rate than the second.

Analogous data were obtained for the reaction of methyl and ethyl alcohols with o- and p-trichloro-

and a-

methyl alcohol in 100 ml of ether was added at such a rate that the temperature stayed in the range 2-5°,
with cooling and constant passage of a sream of dry carbon dioxide and vigorous mechanical stirring to a
mixture of 0.25 mole finely ground powder of trichlorophosphazosulfon-ci-naphthyl and 500 m1 of dry ether.
After the solution of methyl alcohol was added, stirring and passage of carbon dioxide were continued for
3 hours more. The metho; phthyl came down as fine, well-formed crystals
which were separated, washed with two 30 ml portions cfether and dried in vacuum. Yield 56.5 g (66.8%).

Found %: OCHj 9.39; C120.51. Equiv. after hydrolysis 3.97(phenolghthaiein) Cy3HyOsNCI,SP.
Caled. %: OCH, 9.18; C1 20.97. Equiv. after hydrolysis 4.00.

When the reaction was performed in benzene solution, the yield of methoxydichlorophosphasulfon-
-naphhyl fell to 30%

Methoxydi phthyl was a colorless, odorless, crystalline compound, m.p.
82-83°, insoluble in water, difficultly soluble in ether, readily soluble in benzene, acetone and in hot carbon
tetrachloride.

Reaction of meth phthyl with hydrogen chloride. A solution of 0.01
mole of methyl alcohol in 10 ml of benzene was added to a solution of 0.01 mole of «-trichlorophosphazo-
sulfonnaphthyl in 20 m1 of benzene. The flask was sealed tightly in order to allow no escape of hydrogen
chloride from the reaction mixture. Gradually, in the course of a week, coarse crystals a-naphthylsulfon-
amidophosphoric acid dichloride precipitated out. The crystals were separv-d, washed with benzene and
dricd. ‘Yield 76.5%. The properties corresponded to those given in the literature [1].

Reaction of trich d lyl with methy] alcohol. A solution of 0,03 mole

methyl alcohol and 30 ml benzene was added with stirring, cooling and passage of dry carbon dioxide to a
solution of 0.03 mole of trichlorophosphazosulfonpheny! in 50 m1 of benzene. The temperature of the reaction
mixture stayed in the range 2-5°. After 1.5 hours, the reaction was complete (about 0.03 mole hydrogen chlo-
ride evolved). The benzene was driven off and the residue was kept in vacuum (1-2 mm) at room tempera-
ture for 3 hours, The residue was an almost colorless liquid with a pungent odor, which did not distill without
decomposition. Yield 8.48 g

Found %: OCHg 7.38. C3HzO3NSPCl,. Caled. %: OCHg 10.77.

The reaction product was readily hydrolyzed with water and formed only water-soluble compounds,
consequently it did not contain either trimeth or di
phenyl, which upon hydrolysis, would yield the difficultly soluble dimethyl ester of phenylsulfonamidophos-
phoric acid [1). The reaction product did not contain i quantities of tri
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since upon addition of the second mole of methyl alcohol to the reaction mixture, the evolution of hydrogen
chioride proceeded much slower than during reaction with the first mole (see above).

Methoxylation of the reaction product yielded 61.3% trimethoxyphosphazosulfonphenyl, based on
total weight of initial product, and 90, 1%, based on its content of the methoxydichlorophosphazo compound
(68%). The trimethoxyphosphazo compound could only have formed from methoxydichlorophosphazosulfon-
phenyl, since the reaction product contained neither trichloro-, nor trimethoxy-, nor dimethoxychlorophos-
phazo compounds (see above). Thus, by the methoxyl content of the reaction product, about 68% methoxy-
dichlorophosphazosulfonary1 was found to be present,and by the methoxylation reaction — about 617 Since
methoxylation of pure i phthyl (see below) resulted in a 80.5% yield,
and in other cases [1, 2] — yields of 75-95% these data may be considered sufficiently reliable, and we can
conclude that in the reaction product, the methoxyl entered chiefly into the formation of methox ydichloro-
phosphazophenyl and the content of the latter was close to 68%.

lyl from

Under the same condi we prepared
phazosulfon-o-tolyl. From 9.18 g we obtained 8.9 g of nearly colorless liquid with a pungent odor which
did not distill without decomposition.

Found %: OCHj 6.34. CgHyOgNSPCl,. Caled. %: OCHj 10.28.

Thus, the content of Lyl in the reaction product was about 62%,

as corroborated by the methoxylation data (see below).

Reaction of with methyl alcohol in ethereal solution. 4 solution of
0.1 mole of methyl alcohol in 50 m1 of ether was slowly added with vigorous mechanical stirring and cooling,
atsuch arate that the temperature of the mixture stayed in the range 0-2; to a mixture of 0.1 mole trichloro-
phosphazosulfonphenyl and 150 m1 dry ether. 120-130 ml of the ether was then driven off and the solution was
cooled, The dichloride of phenylsulfonamidophosphoric acid which came down was separated and washed
with ether. Yield 8.5 g. 10.5 g more of product was obtained upon concentration of the mother liquors.
Total yield 18.55 g (81.0%), m.p. 131-132°, gave no melting point depression with the dichloride of phenyl-
sulfonamidophosphoric acid prepared by acidolysis of trichlorophosphazosulfonphenyl {1, 3]. The same results
were obtained when carbon dioxide was passed continuously through the reaction mixture. This shows that
Reaction (VI) proceeds at a very fast rate for methoxydichlorophosphazosulfonphenyl

Preparation of dichloride of o-to p acid. Reaction (IV) goes much lessreadily
for methoxydichlorophosphazosulfon-o- tolyl than for the phenyl derivative. Best results were obtained when
the reaction was performed under the same conditions as described for the preparation of the dichloride of
«-naphthylsulfonamidophosphoric acid. From 0.01 mole of trichlorophosphazosulfon -o-tolyl and 0.01 mole
of methyl alcohol we obtained 1.25 g (43.6%) of the dichloridecf o-tolyl sulfonamidophosphoric acid with
properties which corresponded to those described in the literature [1, 3].

of ryls. A solution of 0.002 mole methoxydichloro-
phosphazosulfon- o-naphthyl in 20 mi of benzene was added slowly with vigorous mechanical stirring and
cooling,at such a rate that the temperature stayed in the range of 3-5° to a solution of sodium methylate,
prepared from 0.004 mole of sodium and 20 ml of methyl alcohol. The reaction mixture was then heated
for 30 minutes at 60°, the solvents were driven off in vacuum,and from the residue, as previously described
[2], we isolated trimethoxyphosphazosulfon-a-naphthyl. Yield 0.53 g (80.5%); a mixed sample with known
trimethoxyphosphazosulfon- o -naphthyl gave no melting point depression.

In this manner, from methoxydichlorophosphazosulfonphenyl and-o-tolyl, the corresponding trimethoxy
compounds were prepared in yields of 90.2 and 65.5%, based on the pure methoxydichlorophosphazosulfony]
compounds. The products were identified by mixed melting points with known pure compounds.

Hydrolysis of phthyl. 100 m1 of water was added to 0.01 mole
finely powdered methoxydichlorophosphazosulfon - - naphthyl and the mixture was set aside overnight at
ro0m temperature. The next day a srall smount of unhydrolyzed acid dichloride was sucked off on a filter
and the filtrate was evaporated down in vacuum (temperature of bath not above 50°).  After driving off the
main bulk of water (about 90 m1), small fine tansparent prisms started to come down. After 90 m1 water
was driven off, evaporation was stopped and the residue was cooled with ice water. The monomethyl ester
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of a-naphthylsulfonamicophosphoric acid was separated, washed with two 0.5 mlportions of water and dried.
Yield 1.85 g (61.4%), m.p. 95-99°, decomposed at 105°. For purification, the monomethyl ester may be re-
crystallized from a small amount of water.

Found %: OCHy 9.99. Equiv. 194, CyHpONSP. Calcd. %: OCHg 10.30. Equiv. 2.00.

ic acid was a colorless crystalline substance,

The ester of
sour tasting, readily soluble in water, alcohol, acetone, insoluble in benzene, ether, carbon tetrachloride and
in petroleum ether. Upon titration with caustic soda solution, the monomethy! ester took two equivalents
(phenolphthalein). Upon prolonged boiling with water, it to form i

ester of i ic acid. 0.01 mole

Preparation of sodium salt of
upon heating with 1 N caustic soda solution

methos phthyl was
(phenolphthalein). The solution was steamed down on a water bath until crystallization set in. The sodium
salt of the monomethyl ester came down in the form of fine scales, which were suction-filtered off, wasned
with a small amount of sodium chloride solution and dried. For purification, the salt may be recrystallized
from dilute sodium chloride solution (in water 1t was very readily soluble). The thus prepared sodium salt
of the ester of q-nap i acid evidently contained admixed sodium
chloride.

Found%: OCH, 8.25. C,H,,O;NSPNay. Caled. % OCHj 8.99.

Reaction of methyl alcohol with meth phthyl. A solution of 0.01
mole methyl alcohol in 20 ml benzene was added to a solution of 0.01 mole methoxydichlorophosphazosulfon-
a-naphthyl in 30 m1 benzene and the mixture was set aside at room temperature, protected from atmospheric
moisture. After 15 days, the crystalline dimethox ychlorophospazosulfon-o-naphthyl which formed was se-
parated, washed with benzene and dried in vacuum. Yield 1.1 g (34.8%). Fine transparent prisms (from ben-
zene), m.p. 138-140°; readily soluble in acetone, alcohol insoluble in water, carbon tetachloride, cold benzene.

Found %: OCHy 18.14. Equiv. 2.07. CjpHgONSPCL. Caled. %: OCHg 18.60. Equiv. 2.00

Hydrolysts of dimethoxychlorophosphazosulfon--naphthyl. 0.01 mole dimethoxychlorophosphazosul-
fon-o-naphthyl was carefully ground, mixed with 5 ml water and neutralized at 40° with 1 N caustic soda
solution (phenolphthalein). Upon cooling, the reaction mass was acidified with hydrochloric acid until acid
reaction with Congo and the precipitated dimethyl ester of «-naphthylsulfonamidophosphoric acid was sepa-
rated off. Yield 2.58 g (82.0%), m.p. 164-165°; identified by mixture test with known pure compound [1].

Methoxylation of dimeth phthyl was  performed as in methoxylation of
methoxydichlorophosphazosulfonaryls (see above). Yield of uimetoxyphosphazosulfon-ct-naphthyl was 82.3%
identified by test mixture.

Reaction of 1s with excess of methyl and ethyl alcohols. 0.003 mole tri-
chlorophosphazosulfonaryl was dissolved in 10 ml alcohol. After an hour (or after 24 hours), the solution was
steamed down in vacuum to dryness and the reaction products were separated by the previously described
method [2].

Yields of products from reaction of trichlorophosphazosulfonaryls with methyl and ethyl alcohols,
duration of reaction 1 hour at 20°, are given in Table 3.

TABLE 3

Initial Yield (in %)
AISON = PClg
A ArSO;N = P(OCHy); | ArSO;NHPO(OCHy), | ArSO,N = P(OG,Hy)s | ArSO,NHPO(OC, He)y
CaHs 9.6 215 26.4 22.7
«-CygHy 315 34.9 27.9 38.8
B-CyoHy 37.5 50.8 34.1 5.6
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When the reaction mixture was set aside at 20° for 24 hours, only dialkyl esters of arylsulfonamido-
phosphoric acids are formed with yield of about 80
SUMMARY

1. In contrast to the reaction with the reaction of tri 1s with
alcohols proceeds by different directions and very stongly depends on the nature of the aryl and the reaction
conditions,

2. As arule, the rapid removal of hydrogen chloride from the reaction sphere facilitates obtaining
methoxydichlorophosphazosulfonaryls.

3. In the presence of hydrogen chloride the methoxydichlorophosphazosulfonaryls are converted into
the dichlorides of i ic acids.

. With alcohols some trichlorophosphazosulfonaryls fail to give either methoxydichlorophosphazo
o to dichlorides of ar i ic acids.

. The hydrolysis and fon of metho:
ester of i ic acid was obtained.
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THE CONDENSATION OF ACENAPHTHENEQUINONE WITH 1,3-INDANDIONE

G. Ya. Vanag and L. S. Geita

In the previous paper we had shown [1] that the of inone with 1,3-

(1) fails to give the desired indigoid (IIL), as happens, for example, with the indandione analog hydroxythionaph-
thene (I1), and instead the colorless 9,9-diindandionyl-10-phenanthrone (IV) is formed. 1t is known that acenaph-
thenequinone also readily condenses with forming indigo (V)
[2]. For this reason it seemed of interest to also study the condensation of acenaphthenequinone with the indand-
ione.

CO. CO.
C°H‘<co>CH’ C“H’/\s cH,
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Acenaphthenequinone condenses with the indandione in glacial acetic acid, forming a colorless conden-
sation product, If 1 mole of the indandione is taken for 1 mole of acenaphthenequinone, then unreacted ace-
naphthenequinone remains in the solution; if the condensation is run with a molar ratio of 1:2, then & pure
condensation product is obtained, devoid of acenaphthenequinone as impurity. It was found that the reaction
proceeds in the same manner as with phenanthrenequinone, and 2,2-di-[1', 3'-indandion-(2")-yI)-1-acenaphthe-
none (VI),is formed.

The diindandionylacenaphthenone is also formed in the condensation of acenaphthenequinone with the
indandione in either alcohol solution or in water solution in the presence of alkali. Somewhat higher yields are
obtained when the condensation is run in alcohol solution, but the product is more impure. Some of the conden-
sation results are given in the table.

The diindandionytacenaphthenone molecule contains two active hydrogen atoms, for which reason this
compound is readily soluble in alkalis, suffering enolization. The enol salts are red crystalline substances.
However, it is difficult to obtain them pure, since the alkaline solutions darken rapidly and become tarry. The
red dipiperidine salt crystallizes readily. This salt is quite unstable and, for example, is copverted into the
orange monopiperidine salt when boiled in alcohol solution.

The bonding of one of the indandionyl groups in the di i ively labile
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and it is cleaved with ease. Thus, for example, the action of bromine on me diindandionylacenaphthenone results
in cleavage  of the di (VIII) and 2-( i i 2 1 (v or
the of the i i is formed:

& dco
M—co i @ IVCN
<> 9 c<c0 SCiHy ann, o ¢ C1<CO SCaHy

- * B Be
\HC< 0>C5H. [

+ Er,c\ >C5H¢

(vin

c fon of inone (1 Mole) with ione (2 Moles)

‘Acenaphthene- | Indandione (in g) | Solvent (in mi) | Time of Condensa-| Yields of Diindandionylacenaph-
quinone (in g) tion (in minutes) | thenone
(ing) (in_%)

Glacial Acetic Acid
30
30

100
30
30

100

cohol
75

50
50

2N Soda + 2N Sodium Hydroxide
40 + 10 120

The lability of one of the i groups in the di i is also ized by
its reaction with concentrated sulfuric scid, The compound dissolves in concentrated sulfuric acid with a bright-
green color The fon products of inone with indoxyl and y Le.
the indigoid dyes, give exactly the same green solutions in concentrated sulfuric acid. In our case it was found
that the cleavage of one indandionyl group results in the formation of the indigoid compound: 2-indan-1°,3'-
dion-(2")-ylene-1- enone (IX) - a red substance, The mechanism for the cleavage reaction
can be depicted as follows:
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Since the Indandione can add to an active double bond [3], we examined the possibility of its con-
densation with our obtained i i Actually, such a condensation proceeds easily,
the Indandione molecule adding to the ethylene double bond of the indandionyleneacenaphthenone, and again
the colorless diindandionylacenaphthenone is formed.

The last reaction explains why we fail to obtain indigoid compounds in the condensation of acenaph=
(and also p i with the i and instead obtain diindandionyl derivatives.
It can be seen that here also indigoid compounds are formed in the first phase, but the latter immediately add
a second indandione molecule and give dii derivatives. The hydrogen atom In indoxyl
and hydroxythionaphthene is less labile than in the indandione (the influence of two carbonyl groups!), and
for this reason indoxyl and the thionaphthene fail to show a tendency to add to the active double bond, and in
these cases the condensation reaction stops at the formation of the indigoid compound.

In solution the i (KX) readily adds bromine at the ethylene
double bond to give the colorless bromo derivative— i or
eneacenaphthenone dibromide (VIT). The bromine is easily cleaved when (VII) is weated with zinc dust, and
again the indandionyleneacenaphthenone (IX) s formed.

The indandionyleneacenaphthenone readily condenses with hydrazine, forming the azine—a light-
yellow crystalline substance (X). Indigo blue gives a similar azine [4].

EXPERIMENTATL

2,2-Di-[1',3'-indandion-(2")-yl]-1 (VI). A solution of 4.8 g indandione in 20 m1
glacial acetic acid and 1 ml of concentrated hydrochloric acid were added to a solution of 3 g acenaphthene-
quinone in 80 ml glacial acetic acid and the mixtute was brought to a boil. It was then heated on a boiling
water bath for 3 hows. After one hour of heating, coarse colorless crystals began to form on the walls of the
vessel, Upon completion of the reaction, the solution was cooled and the crystals were separated and washed
with alcohol. Yield 6.4 g (85.3%) crude diindandionylacenaphthenone, m.p. 220-223". After crystallization
from chloroform-alcohol mixture, from glacial acetic acid or from dioxane, it had m.p. 235-236".

Found %: C 78.45; H 3.74. CgHygO5. Calcd. % C 78.94; H 3.51.

Diindandionylacenaphthenone was readily soluble in chloroform-nitrobenzene, pyridine, dioxane,
aniline, sparingly soluble in glaclal acetic acid, acetone, carbon tewachloride, benzene, insoluble In alcohol
and ether. In concentrated sulfuric acid it dissolved with a brigh ion, in alkalis - d.

Potassium salt. 3 g of dfindandionylacenaphthenone was dissolved in 15 ml of 2 N caustic soda solution
with boiling and the hot solution was sucked through a glass filter. The next day the red crystals that formed
were separated, washed twice with cold water, then with alcohol and with ether. Yield 1.2 g of dipotassium
salt. Readily soluble in water, sparingly soluble in alcohol. The salt was recrystallized from alcohol for
analysis. Coarse red crystals.

Found %: K 13.48. CygHyOglp. Calcd. %: K 14.67.
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The potassium salt was covered with glactal acetic acid and boiled until the precipitate decolorized.
The diindandionylacenaphthenone that formed was separated and washed with alcohol; m.p. 235-236". The
mixture with pure diindandionylacenaphthenone showed no melting point depression.

peridine salt. 0.5 g dii was dissolved with heating in 10 m1 water, which

contained 1 m1 piperidine, Upon cooling, red thombic crystals formed in the filirate which were separated
and washed with alcohol. Yield 0.35 g dipiperidine salt. The salt was soluble in water, alcohol and in ace-
tone; m, p. 170-178°. The salt can be prepared equally well by solution of diindandionylacenaphthenone in
10% aicoholic solution of piperidine.

Found %: N 4.78. CygHygOg-2CsHyN. Caled. % N 4.47.

Upon boiling the dipiperidine salt with alcohol, the red solution became turbid and orange crystals of
the monopiperidine salt formed; it was soluble in water and less soluble in alcohol than the dipiperidine salt.
M.p. 205-206".

Found %: N 2.85. CygHygO5- CsHyN. Caled, % N 2.58.

salt, 0.5 g di i was dissolved at room temperature in 10 ml
alcohol which contained 0.25 ml ethylamine. The substance slowly dissolved to form a red solution. After
several days, some fine orange crystals formed in the filtrate. The precipitate fncreased upon addition of
ether. Yield 0.1g salt of diindandi m.p. 173°. The salt was soluble in water
and in alcohol, sparingly soluble in acetone.

Found % N 3.04, CygHyeOg- CoHgNHp. Caled. % N 2.79.

Diindandionylacenaphthenone readily dissolved in dilute ammonia and also in alcoholic ammonia
solution. The light-red solutions gradually darkened and browned upon standing. The ammonium salt could
not be obtained in a crystalline state.

Cleayage of di i with sulfuric acid. 4 g of finely powdered
diindandionylacenaphthenone was dissloved in 40 m1 concentrated sulfuric acid with shaking for 15 minutes.
The solution was sucked through a glass filter and the green filirate was carefully poured into 300 ml of water.
The red precipitate that formed was separated and washed with hot water. Yield of dry substance 3.2 g.

After erystallization from chloroform, the yield was 195 g (71,7%) of 2-indan-1',3'- dion-(2')-ylene-1-
acenaphthenone (IX), m.p. 191-192°. The substance was soluble in chloroform, pyridine, acetone, benzenc
and in hot glacial acetic acid; sparingly soluble in alcohol and in ether. It dissolved in concentrated sulfuric
acid, producing a green coloration. With resorcin and with concentrated sulfuric acid it gave the fluorescein

reaction (cleavage of phthalic acid).
Found %« C 81.83; H3.13, M 320 GyyHyOs. Caled. %: C 81.28; H3.22. M310.

After ion of the i colorless needles, m.p. 129-130°, formed in
the sulfuric acid filtrate. The substance gave all the characteristic reactions for indandione,and upon mixing
with pure indandione, gave no melting point depression.

Condensation of i with indandione. 0.2 g indani
was heated with 10 ml alcohol. The substance partially dissolved, forming ared solution. To this 0.1 g
indandione was added. After only several seconds, the red solution decolorized and the undissolved red pre-
cipitate formed colorless crystals. For completion of reaction, heating was continued for 10 minutes more and
the crystals were then separated and washed with alcohol. Yield 0.29 g of diindandionylacenaphthenone. In
alkalis it dissolved with red coloration and in concentrated sulfuric acid - with intense green coloration. M.p.
233-235°. The mixture with pure diindanionylacenaphthenone melted at 234-235".

Found %: G 79.00; H 8.97. CggHyOg. Calcd. %: G 78.94; H 8.51.

Dibromide of indandi (2-[2'-bromo-1','-indandion-(2')-y1]-2-bromo-1-
acenaphthenone X VII)_ 0.5 g indandionyleneacenaphthenone was dissolved in 10 m1 of chioroform and a
‘olution of 1 m1 of bromine in 4 m1 chloroform was added drop-wise to the red solution. The solution light-
ened and light crystals formed on the walls of the small flask. The contents of the flask were concentrated

on a water bath and the residue was recrystallized from benzene. The crystals were separated and washed

oved for Release 2010/

07/20 : CIA-RDP81-01043R000400050005-3

with aicohol. Yield 0.3 g i ide in the form of colorless crystals, m.p.
201-203°,

Found %: Br 33.53. CyHyoOyBra. Caled. %: Br 34,04,

2.5 gdi i 25 ml and 2 m1 bromine were heated on a water bath
for 1 hour. The chloroform and the excess bromine were steamed off and the remaining oil was dissolved in
warm carbon tetrachloride and filtered. 0.6 g of 2,2-dibromo-1,3-indandione crystallized out of the filtrate,
m.p. 177", The mixtre with pure dibromoindandione gave no melting point depression

Found %: Br 52.20. CyH,OpBr,. Calcd. %: Br 52.62.

The indandi dib
benzene. Yield 1.66 g, m.p. 201-203",

which remained on the filter, was recrystallized from

Found %: Br 34.45. CyHyOgBr,. Calcd. %: Br 34.04.

and in glacial acetic acid,

Upon bromination of dii in carbon te
i in all cases the same cleavage products were

also upon ination with dioxane dibz
obtained — it it ide and

0.5 g of indandionyleneacenaphthenone dibromide in aqueous suspension was boiled with 0.1 g of zinc
dust for 30 minutes. The colorless substance gradually reddened, Crystallization of the precipitate from
acetone yielded red crystals, m.p. 190-192". The product contained no bromine and upon mixing with pure
indandionyleneacenaphthenone, gave no meltingpoint depression.

Reduction with zinc dust proceeded well in alcoholic solution of acenaphthenone dibromide.

Azine of X). 1
0 1 . 1gof and 20 m! of 20%
alcoholic solution of hydrazine hydrate was heated on a water bath for 30 minutes, The red substance rapidly
changed to fine yellow crystals. Yield 0.8 g of the azine of indandionyleneacenaphthenone, m.p, 255-256".
It was readily soluble in glacial acetic acid, benzene, chloroform, soluble in alcohol, sparingly soluble in ace-
tone and in carbon tetrachloride; insoluble in alkalis.

Found %: N 9.11. CyiHy,ON,. Caled. %: N 9.15.

SUMMARY
The ion of i with i

. o condensa f v gives the colorless diindandionylacenaph-
thenone. One of its indandionyl groups is bound quite weakly and is easily cleaved, in which connection an
indigoid~the red indandionyleneacenaphthenone is formed. The latter easily adds indandione and again forms
the diindandionylacenaphthenone. As a result, the mechanism for the formation of the diindandiony] derivative
in the ion of fone with was elucid

dibromide. ~The dibromide easily cleave: when treated with zinc dust to give the star ed indandionyl-
i . ~The dil asily cleaves bromine il ust
g ting r ionyl-

The azine of the indandionyleneacenaphthenone was obtained.
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CYCLOALKYLATION OF AROMATIC COMPOUNDS

X. THE CONDENSATION OF 1, 4-CYCLOHEXANEDIOL
AND 4-CHLOROCYCLOHEXANOL WITH BENZENE

N. G. Sidorova and Yu., V. Vaiibekov

In the previous paper (1] it was shown that in the reaction of 1-phenylcyclohexanol with benzene

thewe pr ceeds, in addition to alkylation, also reduction of the starting alcohol to phenylcyclohexane,
\cnyleycluhexanol can be regarded as being an intermediate product in the condensation of

benzene with either glycols or chlorohydrins of the cyclohexane series, we studied the reaction of ben-
zene with quinite* and with 4-chlorocyclohexanol, In the presence of aluminum chloride the aliphatic
glycols react with benzene in diverse manner, depending on the character of the hydroxyl groups and
the distance between them. In the presence of hydroxyls, attached to carbon atoms of different degrees
of substitution, the condensation can proceed in stepwise manner [2-4]. In the case of di-tertiary glycols
the reaction proceeds immediately at the expense of both hydroxyls [3]. The condensation with chloro-
hydrins can also proceed stepwise — the group attached to the most substituted carbon atom reacting
fist 5, 6]

Of the cyclic glycols only 1, 2-cyclohexanediol was used for the alkylation reaction, which with
le, 1, 3-diani and

anisole in the presence of boron fluoride gave p .1,

4, 4'-dimethoxy-m-terphenyl, Similar results were obtained with ethylene oxide in the presence of

boron fluoride, and with 1, 2-dichlorocyclohexane in the presence of aluminum chloride [7]. Cyclic

dihalo have rep been used for ion with benzene under the influence of

aluminum chloride, Here the 1, 2-dichloro- and 1, 2 [8] gave pl

hexane and the 1, 3- and 1, 4-diphenylcyclohexanes, while 1, 2-dibromocyclopentane [9] gave phenyl-
and 1, 3-di . The reaction of 1-phenyl-1, 2-dibromocyclohexane

with benzene failed to give any definite products [9].

Quinite entered into the reaction with great difficulty. With 2 equivalents of AICl the reaction
failed to go at all, and only when the amount of AICIy was increased to 3 equivalents did we obtain
12%  of the theoretical yield of mixed 1, 3- and 1, 4-diphenylcyclohexanes. The reaction was
accompanied by secondary processes, and the products were contaminated with impurities,

The reaction of 4 with benzene p easily and gave phenylcyclohexane

(with phenylcyclohexene as impurity) and a mixture of 1, 3- and 1, 4-diphenylcyclohexanes. In addition,
tar was formed in all of the reactions, Its amount increased with increase in the phenylcyclohexane yield,

* 1, 4-Cyclohexanediol,
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Although the qualitative composition of the reaction products was the same in all of the condensations,
still the yields of the separate fractions varied greatly, depending on the reaction conditions used (amount of
aluminum chioride, its moisture content, sid the reaction temperatute), As can be seen from the data in the
table, the optimum conditions are: 1.1 equivalents of aluminum chloride, long standing of the reactlon
mixtute at room temperature, and its short heating at 70°, With a smaller amount of aluminum chloride the
reaction proceeds superficially, while with a larger amount the main product is phenylcyclohexane.

The Results of Condensing 4 -Chlorocyclohexanol with Benzene in the Presence of Aluminum Chloride

Exp. Molarratio | ___Reaction conditions Yield of reaction products
Nos. of reactants | Duration of | Length | Tem- (in %)
stirring at | of perature [Phenyl- | Di-
CICgHyOH : room tem- | heating cyclo- | phenyl-
AICly: CgHg perature (in hours) hexane | cyclo-
(in days) hexanes

~ooomo—oo000D~~
SEETRTRREARR

* Moist AIC]y was used,

It seemed of interest to determine the influence of moisture in the aluminum chloride in connection
with the statement [10] that only moist aluminum chloride evokes the formation of propylbenzene in the con-
densation of allyl chloride with benzene, Moisture showed little effect on the reaction of 1-phenylcyclohexanol
with benzene [1]. In the studied reaction the experiments with moist aluminum chloride gave high yields of
the diphenylcyclohexanes, but for this a certain excess of it was needed when compared with anhydrous
aluminum chloride. With moist aluminum chloride the reaction products showed greater purity than when
ordinary aluminum chloride was used, and the second fraction consisted almost entirely of 1, 4-diphenylcyclo-
hexane, This shows the reduced isomerizing action of aluminum chloride in the presence of water [11].

In addition, we ran the reaction between 4 -chlorocyclohexanol and benzene in the presence of aluminum
bromide to determine how the latter influences the formation of phenylcyclohexane, Aluminum bromide was
found to be a more effective catalyst in the condensation of 1-phenylcyclohexanol with benzene [1]. In the
present case it gave the same results as were obtained with aluminum chloride under similar conditions,

The isomerization, observed in the condensations of quinite and of 4-chlorocyclohexanol with benzene,
proceeds in both the alkylation process and as the rearrangement result of the initially formed 1, 4-diphenyl-
cyclohexane, The heating of the latter with benzene and aluminum chloride gives a mixture of 1, 3- and
1, 4-dipheny and pl y The same products were obtained from 1, 3-diphenyl-
cyclohexane.
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As a result, the o on 1, 3- and 1, 4 -diphenylcyciohexanes pivduces not vnly
their partial mutual transitions into each other, but also their cleavage with the formation of phenylcyclohexane,
which supports our earlier made [1] pustulation on the two paths for the formation of the latter, However, the
reverse reaction fs also known [12}:

s
2C4HCeHn — CygHu”_ C,;H;,* CoHiz

Apparently, these processes have place in the condensation of 4-chlorocyclohexanol with benzene, In
this way the fact that condensation with 1 equivalent of aluminum chloride at low temperature gave phenyl-
cyclohexane as the main product can be explained, while at the same time its yield was always lower under
more drastic conditions, This suggests that p can be an i product in the formation
of diphenylcyclohexanes.

In the reaction of 4-chlorocyclohexanol with benzene the reaction, apparently, proceeds at first with
only one functional group involved, but the 4-p and 4 -pl chloride that are
formed here react further with benzene in two directions, forming pheny and dipl
which readily migrate into each other under the reaction conditions,

The fact that a mixture of 1, 3- and 1, 4-diphenylcyclohexanes is formed, on the one hand, as the result
of isomerization with the removal of phenyl groups, as was the case in the condensation of 1-phenylcyclohexanol
[1] and of 1, 2-dichlorocyclohexane [8] with benzene, and on the other hand, as the result of partial isomeriza-
tion with closer proximity of these groups, as was true in our case, suggests that of all of the isomeric diphenyl-
cyclohexanes these isomers are the most stable,

CeH;OH
N\,
7

[ CoHs CeHs OH

U A N A

o (] () &)

‘/ \‘/ / "o Y AN
CgH; CI(OH

Ae Hy (OH)

- EXPERIMENTAL

1, 4 Cyclohexanediol (quinite) was prepared by hydrogenation of hydroquinone in the presence of
Raney nickel (10% of weight of hydroquinone) at 130-170° and 100 atm. hydrogen pressure. The reaction was
carried out in a 0.5-liter rotating autoclave in ethyl alcohol solution, Yield 80-85%, There resulted a mixture
of cis- and trans-quinites which were used unseparated for further work,

4-Chlorocyclohexanol [13] was prepared by heating quinite with hydrochloric acid (molar ratio 1:1)
at 80-90° for 10 hours, Yield 47%. B.p. 105-110° (10 mm).

Condensation of quinite with benzene, The reaction was performed in a 3-necked flask fitted with
thermometer, mechanical stirrer and reflux condenser connected to a calcium chloride tube and an outlet tube
for hydrogen chloride, 20 g (0.15 mole) of finely powdered aluminum chloride was added in small portions
with mechanical stirring to  suspension of 5.8 g (0.05 mole) quinite in 9 ml (1 mole) benzene and the reaction
mass was then heated for 4 hours at 70°, Decomposition was performed with ice water, acidified with hydro-
chioric acid. The bénzene layer was washed 2-3 times with dilute hydrochloric acid, then with water, was
dried with potash and fractionated. A substance was obtained with b, p, 150-200° (12 mm), 1.2 g (10%, based
on diphenylcyclohexane), which was a viscous oily brick-red liquid. This fraction consisted mainly of 1, 3 and
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it with selenium at 350 -380°, m-terphenyl was LITERATURE CITED

1, 4-di , since upon

obtained (m.p. 88%) with an admixture of p-terphenyl (m.p. 210%). Both of these substances gave no melting
point depression upon being mixed with known samples of m- and p-terphenyls.

[1] N. G, Sidorova, N, M, Feyershtein, E. A, Kochetkova, J, Gen, Chem,, 26, 191 (1956) (T. p. 201)+ .

[2] L V. Terentyeva, 1, P, Tsukervanik, Proc, Acad. Sci. Uzbeck. SSR, 9, 20 (1950).

[« ion of 4-ch with benzene in the presence of aluminum chioride, For these
reactions, the same apparatus and the same order of addition of the reagents was used as in the preceding )
case. After addition of all the aluminum chloride, the reaction mixture was stirred at room temperature and L. P. Labunsky, I, P, Tsukervanik, Proc, Acad, Sci, USSR, 80, 369 (1951).
then heated on a water bath. In the reactions in which the effect of moisture was studied, after addition of
aluminum chloride to the reaction mixture, several drops of water were addedand the reaction was concluded i
in the usual manner, The separation of products was as usual, Distillation always yielded two fractions: L V. Terentyeva, I, P, Tsukervanik, Proc. Acad. Sci. USSR, 86, 555 (1852).
st —p (with admixture of p ), b.p. 95-105° (8 mm); 2nd — mixture of
1, 3- and 1, 4-diphenylcyclohexanes, b,p. 170-190° (8 mm). A resinous residue remained after distillation. )
Only in one czsepwas Z fr)action with b. ;’. 140-150° (16 mr;) obtained, Evidently, it contained phenylcyclo- (7} Ch, C, Price, G. P. Mueller, J. Am. Chem. Soc., 66, 628 (1944).
hexanol, We could not repeat this result, The results of the condensation are given in the table. The first
fraction gave a positive reaction for double bond and a negative one for halide, To remove phenylcyclohexene,
the fraction was treated with warm sulfuric acid (d 1,76), then washed with water, dried with calcium chloride 5] C. D. Nentzescu, D, Curcanean, C. 4., 37, 374 (1043,

L P. Tsukervanik, N. Bogdanova, J. Gen, Chem., 23, 410 (1953) (T. p. 419)*.

G. B, Bachman, H, M, Hellman, J. Am. Chem. Soc., 70, 1772 (148).

[8] N. D. Kursanov, J. Russ, Chem. Soc., 33, 685 (1901); C. D. Nenitzescu, D, Curcaneanu,
70, 346 (1937).

and distilled over sodium, After this purification, phenylcyclohexane had b.p, 110° (10 mm), df® 0.9489,

o2 15262, For purposes of idemtification we prepared p-nitrocyclohexylbenzene, m.p. 57° and p-cyclo- [10] C. D, Nenitzescu, D, A, lsacescu, Ber., 66, 1100 (1933).

hexylacetanilide, m.p. 126°, The second fraction was a light-yellow mixture of liquid 1, 3-diphenyleyclo-
, ; 1] N. G, Sidorova, J. Gen, Ch .

hexane and 1, 4-diphenyleyclohexane crystals, After recrystallization from alcobol, 1, 4-diphenyleyclohexane g orova, J. Gen. Chem., 24, 255 (1954) (T. p. 255)*.

melted at 168-169°, It was dehydrogenated with selenium ar 350-380° and gave p-terphenyl, m.p, 210°.

Upon dehydrogenation, the liquid portion gave m-terphenyl, m.p. 86" and a small amount of p-terphenyl. [13] L. Palfray, B. Rothstein, Chem, Zentr., I, 372 (1930)

Both of these compounds were identified by mixture tests with known samples. s -

[12] B. B. Corson, V, N, Ipatieff, J, Am. Chem., Soc., 60, 747 (1938).

C ion of 4 with benzene in the presence of aluminum bromide, The reaction

was carried out In the same manner as the condensations in the presence of aluminum chloride, Taken:
6.7 g (0.05 mole) 4-chlorocyclohexanol, 90 ml (1 mole) benzene and 19,3 g (0.072 mole) AlBry. After . " ‘ o
aditon of all m)e alummun); bromide, the reaction mix)lure was stirred for A hours at room temperature and Received January 31, 1955 Central-Asia State University
then heated for 30 minutes at 70°, Yield 3.5 g (43.5%) phenylcyclohexane, b.p. 107-115° (10 mm) and 3.0 g
(25.5%) of a mixture of 1, 3~ and 1, 4-diphenylcyclohexanes, b.p. 185-195° (10 mm). The last fraction was
a mixture of liquid with crystals (m.p. 169°). From phenylcyclohexane we prepared the nitro compound,
m. p. 57 the diphenylcyclohexanes were identified by dehydrogenation with selenium at 350 -380° to m- and
p-terphenyl (m.p. 88 and 210°). *
Reaction of 1, 4-diphenylcyclohexane with AICl. 1.5 g of finely ground aluminum chloride was gradually
added with constant stirring fo a solution of 3 g of diphenylcyclohexane in 50 ml benzene, The reaction mix-
ture was stirred at room temperature for 2 hours and then heated on a water bath at 70° for 30 minutes, The
mixture was decomposed with ice water, acidified with hydrochloric acid, the benzene layer was washed with
water and dried with calcium chloride and fractionated, Distillation yielded 0.7 g phenylcyclohexane,
b. p. 110-115° (15 mm) and 1,4 g of 2 mixture of 1, 3- and 1, 4-diphenylcyclohexanes, b.p. 150-200° (14 mm).
The first fraction did not contain phenylcyclohexene (negative reaction for double bond). Upon standing, some
crystals of 1, 4-diphenylcyclohexane, m. p. 169° came down from the second fraction, The same results were
obtained by the action of aluminum chloride on 1, 3-diphenylcyclohexane,

T. p. = C. B, Translation pagination.

SUMMARY

1. The reaction of quinite with benzene in the presence of aluminum chloride yields 1, 3- and 1, 4-
diphenylcyclohexanes in small amount,

2. The reaction of 4-chlorocyclohexanol with benzene in the presence of either AICIg or AlBrg proceeds
in two directions: a) alkylation proceeds with the formation of 1, 3- and 1, 4-diphenylcyclohexanes, and
b) there is formation of a i amount of pl he with pl as impurity,

3. Under the influence of aluminum chloride there is partial i ization of 1, 4-dipl
into pheny and 1, ip!
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A NEW SYNTHESIS OF B -4 -NITROPHENYL-B-ALANINE

V. M, Rodionovs, N, N, Suvorov and V, G, Avramenko

For the purpose of studying the physiological properties of B-amino acids we decided to synthesize
the B-analogs of the more important o -amino acids, and first we decided to synthesi ze B -4-hydroxy-3, 5-
di 8 -alanine — *B -dii ine”. This substance is most conveniently prepared by the direct
iodination of  -4-hydroxyphenyl-B -alanine, in the future called B-tyrosine, The latter was first obtained
by Posner [1] in very low yield from the rather difficultly available p-hydroxycinnamic acid, It seemed to
us that 8 -4-nitrophenyl-B -alanine could prove to be a sufficiently good starting material for the synthesis
of the corresponding hydroxyamino acid. B -4 -Nitrophenyl-8 -alanine was also obtained by Posner [2] by
the constant boiling of p-nitrocinnamic acid with alcoholic hydroxylamine solution for 240 hours, Since
this method did not permit our obtaining the needed nitroamino acid easily and in large amounts, it became
necessary for us to find a preparative method for the synthesis of B -4-nitrophenyl- -alanine,

Our preliminary experiments revealed that the application of the V, M, Rodionov reaction to p -nitro-
benzaldehyde also cannot serve as a satisfactory method for the preparation of the needed amino acid (the
yield failed to exceed 10%), as a result of which we turned to the direct nitration of -phenyl-B -alanine,
it is known that in the nitration of § -phenylalanine, according to the data of Erlenmeyer and Lipp 3],
8-4-nitrophenylalanine is formed in almost quantitative yield, The nitration of aromatic B -amino acids
has not been studied,

As a result of a number of experiments we selected the optimum conditions for the nitration of
B-phenyl-B -alanine: the reaction was run at 5-8° by the method of adding a very slight excess of nitric
acid (d 1.51) to a solution of the amino acid in concentrated sulfuric acid, The reaction product was
isolated as the sulfate, in which connection its total yield was 76 % . The structure was established by the
method of potassium permanganate oxidation, followed by the separation of the mixed isomeric nitrobenzoic
acids using the Griess method  [4]. Here we were able to isolate p -nitrobenzoic acid (56% of the
total amount of oxidation products). m-nitrobenzoic acid (25%) and an unidentified substance with
m. p. 123-125° (3.3%). Unfortunately, we were unable to conclusively establish the presence of o-nitro-
benzoic acid, probably due to its greater tendency to oxidize than is shown by the other isomeric nitro-
benzoic acids, As a result , it must be assumed that the nitration of B -phenyl-g -alanine, in contrast to
the a-isomer, leads to a mixture of nitroamino acids, in which connection the para- and meta- isomers
are formed in appreciable and comparatively similar amounts; the amount of the o-nitroamino acid is
probably small:

O—CH, —GH ~coon + HNGy o,N—<:>——cn,—<l:H—ccoH
NH,

NH,

( continued on next page)

* Deceased,
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—(” ) —CH-CH,~COOH
ON—__ p—GH—CH,
NH,
ON>v N
— 0, —CH—CH,—COOH
O -ch—ch—coon (T GHCH
7 m N
* NO,

—CH—CH,—COOH

/7

NH,

1t is interesting to compare these results with some of the data, obtained in the nitration of vzufmusl .
aromatic and fatty-aromatic (aralkyl) amines. Thus, the nitration of trimethylphenylammonium sulfate ea‘ s-
exclusively to the formation of the meta- isomer. In the case of trimethylbenzylammonium sulfate lhe‘ma a
isomer is formed in 88 % yield, while trimethyl- (8 -phenylethyl)-ammonium sulfate already gives a mhxture
of the ortho- and para- isomers in a total yield of 81% [5]). As a result, with lts removal away from ; e .
aromatic ring the influence of the positively charged ammonium grouping is weakened, and ortho- and par
. Probably, in our case also there exists the concurrent

rientation appears, fstic for alkyl s
influence of alkyl side chain and ammonium nitrogen, which serves to explain the appearance of the meta-
isomer, not observed in the case of nitrating the corresponding ci-amino acid.

ing from these i nsiderations, we decided to nitrate N-acylated 8 -phenyl-8 -alanine,
the nitrogen of which is incapable of migrating into the ammonium state, which should essentlally decrease
the possibility of forming the meta- isomer, and, actually, in the nitration of N -benzoyl-, N-catbomethoxy -
and N-acety1-5 -phenyl-B -alanine the p-nitro derlvatives were obtained in high yield, The structure of
N-acetyl-B -4 -nitrophenyl-B -alanine was shown by oxidation to p-nitrobenzoic acid, The behavior of these
acyl derivatives under acid hydrolysis conditions is interesting: at the same time that the hydrolysis of the
catbomethoxy derivative fatls to proceed even under prolonged (many hour) boiling with concentrated hydro-
chloric acid, while the benzoyl derivative shows partial hydrolysis under these conditions, the N-acetyl-g-4-
nitrophenyl-B -alanine under acid hydrolysis easily and smoothly yields the corresponding amino acid.

All of the above data permitted us to develop a convenient preparative method for obtaining B -4-nitro-
phenyl-B -alanine by the following scheme:

— A0 /TN L +HNOy
% >‘CH-CH~A—C00H #29, ~CH—CH,—COOH
7 N, NHCOCH;

+HNOy o,N7<D—(fH—CH2~COOH
NHCOCH;
1 HCL OQN;<:>7?H—CH,—COOH

2) AcONa
NH.
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To further characterize the -4 -nitrophenyl-g -alanine we prepared the corresponding 6 -ureido acid
and dihydrouracil, and also the ethyl ester of N -acetyl-B -4 -nitrophenyl-B -alanine,

EXPERIMENTAL

Nitration of g -phenyl-B -alanine. B -Phenyl-B -alanine was prepared according to T, Johnson [6].

Yield 50.5%. M. p. 213-213,5° (with decomp.). 6,66 g (0.04 mole) of the amino acid was dissolved with
stirring in 10.8 ml (20 g) sulfuric acid (d 1.84) and the reaction mixture heated to 25 -30°. The homo-
geneous solution was cooled to 0° and 2 ml (3,06 g, 0.047 mole) of nitric acid (d 1,51) (temperature of
reaction mixture 5-8°) was added to the solution drop-wise with vigorous stirring, the mixture was stirred
15-20 minutes more at room temperature and then poured on ice. Yield 3.41 g substance, m, p, 230°
(with decomp.); after recrystallization from water, it had m. p. 229-230° (with decomp.). The substance
gave a positive reaction for SO ion while percentage analysis showed it to be the neutral sulfate of the
mononitro derivative,

Found %: C 4147, 41.50; H 4,46, 4.51; N 10,86, 10.68. (CgHyyOy) HpSO,. Calculated %: C 41.72;
H 3.92; N 10.80,

The wash waters were combined with the acidic mother liquor and the combined liquor was heated
almost o a boil and neutralized with a hot suspension of lead carbonate (Congo). The precipitate was re-
peatedly washed with hot water by decanting until the yellow coloration of the solution disappeared,
separated and twice washed with hot water on a filter. The filtrate, combined with the wash waters, was
saturated with hydrogen sulfide, the precipitate was decanted, filtered off and the resulting solution was
at first steamed down over a wire gauze, then on a water bath, Gradual concentration yielded 4 portions
of substance: 0.83 g (m. p, 213°, with decomp.), 1.66 g (m. p. 213° , with decomp.), 0.93 g (m. p. 207.5°
with decomp.), 0.2 g (m. p. 206.5°, with decomp.). After addition of a small quantity of alcohol to the
mother liuor, 0,05 g more of substance, m, p. 200° (with decomp.), came down, Total yield 3.67 g,
Analysis of sample of substance with m, p, 213°:

Found %: C 51.29, 51.21; H 4,87, 4.95; N 13.49, 13,31, CyH,gON,. Calculated %:
C 5145; H 4.80; N 13,35,

Total yield of nitroamino acid 6.43 g (76%), 2.76 g of it recalculated on 3.41 g of its sulfate,

Oxidatlon of nitration products, 15.9 g (0.08 mole) mixture of nitroamino acid and its sulfate,
prepared by of 15 B-phenyl-B -alanine was added to a solution of 55 g (0,35 mole) potassium
permanganate in 660 ml water, the calculated quantity of potash was added to neutralize the sulfuric acid
ard the reaction mixture was boiled for 4 hours, The il of dioxide was
washed wifh hot water by decantation, the wash waters were combined with the main bulk of solution and
steamed almost to dryness, The solid precipitate was dissolved in hot water and poured into a hot solution
of hydrochloric acid (1:3). 8 g mixture of nitrobenzoic acids (A) (64%) was obtained. The filtrate was
repeatedly extracted with ether; from the ethereal extractions was isolated 0,31 g dark-brown oily sub-
starce which was not investigated further,

Mixture A was dissolved in approximately 800 m] hot water, filtered,and the precipitate which came
down upon cooling was separated off, Yield 4 g substance, m. p, 200° (B). The substance, recrystallized
from benzene, had m. p. 233-235° and gave no melting point depression in test mixture with p-nitrobenzoic
acid. The mother liquor of A was steamed down, neutralized with hot barium hydroxide solution and
precipitate (C) was separated, the mother liquor was then acidified with hydrochloric acid (1: 3) onCongo,
0.78 g of substance came down and 0.55 g more of substance (D) came down from the filtrate, m, p. 133-134°,
After recrystallization from water and benzene, it had m. p, 139-140° and gave no melting point depression
{2 mixture with sample of m -nitrobenzoic acid. Residue (C) was repeatedly extracted with small portions
of water, the aqueous extracts were combined and neutralized with hydrochloric acid; 0.25 g substance,
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m, p, 120° was separated from the filtrate; after two recrystallizations from water, it had m, p‘,1 125i‘.“le
A mixed melting point test with ic acid gave a depression. Due to [de‘ mi
quantities of this substance, further investigation was not carried out. Residue (C) was dissolve [1: i
approximately a 30 -fold quantity of hot water and acidified (Congo). Yield 0.45 g substance mr - p.
128-130°, 0.2 g more of same substance from filtrate; it was m-nitrobenzoic acid. Re?oluuor'l 0 "
mixture of isomeric nitrobenzoic acids yielded p-nitrobenzoic (4.45 g, 56% ) and m-nitrobenzoic ( [g‘d
25%) acids and a substance with m, p, 125° (0.25 g, 8.3%). Presence of o-nitrobenzoic acid not detected,

Nitration of N-benzoyl- B -phenyl-B -alanine, N-benzoyl-8 -alanine was prep?red.by benzoylation
of the ponding amino acid ( B 3, yield 92.6 %, m. p. 194-195.5°, Literature data:
m. p. 194-195° [7].

a) 5 g (0.018 mole) powdered benzoyl derivative was mixed, up
0°, with 8.3 ml sulfuric acid (d 1.84) and to this suspension, drop-wise,
mole) nitric acid (d 1,51) at 0-5°, the reaction mass was stirred for 1 hour .u‘mom tempera
poured on ice, A resinous precipitate came down which could not be crystallized.

on vigorous stirring and cooling to
was added 0,8 ml (1.21 g, 0.019
ture and then

by 9,54 g (0.085 mole) finely ground N-benzoyl- B -phenyl- -alanine was gradually added to 2

nitrating mixture (cooled to ~16%), prepared from 3 g (0.037 mole) ammonium nitrite and 30 m1 (16.5 8)
sulfuric acid (4 1,84) at such a rate  that the temperature did not rise above 6°. The viscous mixture
was stirred for 1 hour more and poured on ice. Yield about 12 g of resinous substance which softened at
30°, It was soluble in methyl and ethyl alcohol, ethyl acetate and in glacial acetic acid but was insoluble,
loric acid, After many months of standing, the substance

even upon heating, in concentrated hydroch: )
decompoasi-

crystallized, A sample, twice recrystallized from dilute acetic acid, melted at 178-175" with
tion and corresponded to the N-benzoyl derivative of B -mononitrophenyl-g -alanine.

Found%: N 9,01, 8.92. CigHON, . Calculated %: N 8.91.

A melting point test mixture with a sample of N-be:
prepared by benzoylation of the ing ni
slight melting point depression is due, evidently,

N-Carbomethoxy-B -phenyl-B -alanine. 18 ml (22 g, 0.23 mole) methyl chlorocarbonate was added
drop -wise, with stirring and at —2 to +1°, to a cooled solution of 30 g (0.18 mole) 8 -phenyl-B -alanine in
206 ml 10% caustic soda solution and the reaction mass was stirred for 1 hour at room temperature and
acidified with hydrochloric acid (1:2) (Congo). The oil that came down crystallized upon standing. Yield
26,5 g (65.5%); m. p. 135-136°, Recrystallization from glacial acetic acid did not change the melring
point,

Found %: C 59,02, 59,00; H 601, 5.91; N 6.52, 6.56. CyyHyyOpN. Calculated %: C 59.15;
H 5.88; N 6.28.

Nitration of N-carbomethoxy- 8 -phenyl -8 -alanine, ~ a) 3.8 ml1(5.7 g, 0.09 mole) nitric acid

(d 1.51) was added gradually, with stirring, to a suspension, cooled to 0°, of 10 g (0.045 mole) carbomethoxy

derivative in 14 mi sulfuric acid (d 1,84) at such a rate that the temperature did not exceed 17°, The
mixture was stirred for still some time and poured on ice.  The oil that came down crystallized overnight.
The crude product was purified by recrystallization from aqueous alcohol to which activated carbon was
added, Yield 3.43 g (about 30 %); m, p. 152-154°, After recrystallization from ethyl acetate, the sub-
stance melied at 159-160°.

Found %: C 49.29, 49,25; H 5.28, 5,14, CygHpOgNs. Calculated %: C 49,23; H 4.52.

by 3 ml (4.6 g, 0.07 mole) nitric acid (d 1.5) was added drop-wise with stirring at foom temperature
to a solution of 8 g (0.027 mole) carbomethoxy derivative in 50 ml glacial acetic acid. The mixture was
stirred for a half hour more and heated for a half hour on a water bath (at 80°); further heating was stopped
due to the formation of nitrogen oxides, Upon cooling, crystals came down (5.2 g) which had the same
melting point as the initial substance and gave no melting point depression in a mixture test,

nzoyl - B -4 -nitrophenyl-B -alanine (m. p. 181-183°),
acid, d at the same temp A
to the difficulty of removing the unnitrated product,
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¢) A nitrating mixture of 5 ml sulfuric acid (d 1,84) and 4.8 m1 (7.4 g, 0.12 mole) nitric acid
(d 1.5) was gradually added with stirring at 20-30° to a suspension of 13 g(0.044 mole) N-carbomethoxy-
8-phenyl- 8 -alanine in 25 ml glacial acetic acid; the carbomethoxy derivative completely dissolved,
The reaction mixture was stirred for 15 minutes more and poured on ice, The precipitate (11,1 g) was
washed well with water and dried, M, p, 130-132°, There was rio melting point depression of a test
mixrure with the initial substance,

N-Acetyl- B -phenyl-B -alanine, 20 ml (20 g, 0.19 mole) acetic anhydride was added drop-wise
with stirring at 6-10° to a solution of 20 g (0.12 mole) B -phenyl-6 -alanine and 23 g caustic soda in
200 ml water and the mixture was stirred for an hour more until the odor of the anhydride disappeared and
then acidified with hydrochloric acid (1: 2). Yield 22 g (90.8%). M. p. 160-162° [7].

Nirration of N-acetyl -B -phenyl-g -alanine, 6.7 ml(10.22 g, 0.15 mole) nitric acid (d 1.51) was
graduaily added with stirring at 0-5° to a mixture, cooled to 0%, of 28 g (0,13 mole) acetyl derivative and
45 m1 sulfuric acid (d 1.84); the reaction mixture was stirred for 1 hour at room temperature and poured
on ice, The resinous substance which came down rapidly ciystallized, Yield 28.5 g, m. p. 186° (with
decomp.). Recrystallization from water yielded 20.5 g (60%) mononitro product with m. p, 205-206*
(with decomp.).

Found %: N 10.96, 10.90. CyHyOsN,. Calculated %: N 1111,

2.6 g pure substance was oxidized with 7.5 g potassium permanganate in 90 ml water and treated as
described above, Tsolated 0.9 g p-nitrobenzoic acid (80% of supposed mixture of nitrobenzoic acids); no
other products were derected,

Ethyl ester of N -acetyl- § -4 -nitrophenyl-B -alanine was prepared by treatment of the acylamino
acid successively with thionyl chloride and alcohol, Yield 82%, m. p, 123-124,5° (from benzene).

Found %: N 9.83, 9,96. CyHyeON;. Calculated %: N 10,11,

B-4 Nirropheryl :g -alanine, 10 g (0.04 mole) N-acetyl-B -4 -nitrophenyl-B -alanine was boiled for
2 hours with 60 m1 hydrochloric acid (1:1). Upon cooling, we obtained 8.2 g substance with m, p, 218-220°
(with decomp.). Analysis proved it to be the hydrochloride of the desired nitroamino acid, Yield 84%,

Fourd %: N 11.58, 11.40. CeHyOpN, - HCL Calculated %: N 11,36.

The free amino acid was obtained by treating the hot solution of the hydrochloride with a saturated
solusios of sodium acetate until there was no acid reaction onCongo. Yield 90%, based on the hydrochloride
aid 75%. on the acetyl derivative, After recrystallization from 30% aqueous alcohol, B -4-nitrophenyl-B -
alanine had m, p, 220-226° (with decomp.) Posner gives m, p, 226° [2].

Found %: N 13,62, 18.50. CyHyOpN,. Calculated %: N 13.35.

The N-berzoyl derivative was obrained by benzoylation of the given amino acid (Schotten-Baumann),
¥ield 15%, M. p. 181-183° (from dilute acetic acid),

found %o: N 8.62, 8.74. CighyOgNy. Calculated %: N 8,91.

8 -4-Nitropheny1- -ureidopropionic acid. A mixture of 2.1 g (0.01 mole) B -4-nitrophenyl-8 -alanine
and 8 g (6,13 mole) urea in 45 ml water was boiled for 15 hours on a water bath, then several milliliters of
4% aqueous alkali was added to the hot solution; it was then cooled and acidified with hydrochloric acid
(1:3) (Congo). The yellow crystals which came down upon rubbing with a rod were separated and washed
with water and alcohol, Yield 1.95 g B -ureido acid with m, p, 180° (with frothing). After recrystallization
from 56% aqueous alcohol, the melting point was unchanged,

Found %: N 16.73, 16.51. CyoHy,OqNy. Calculated %: N 16,60,
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acid, 1g of substance was

il doacid with 10 ml ed
Upon boiling 1.2 g Wi 10 4-(4"-nitro-

obtained which melted at 238-240° with ition and ded in comp
phenyl)-dihydrouracil,

Found %: N 18,00, 17,88, CyoHyOpNs. Calculated %o: N 17.87.

SUMMARY

1. The nitration of B -phenyl-B -alanine was studied and it was shown that here a mixture of
B-4-nitrophenyl-B -alanine and B -3-nitrophenyl-B -alanine is obtained, in which connection the first
compound is formed in predominant amount,

2. The nitration of N-acyl derivatives of 8-phenyl- -alanine was studied and it was shown
that they are converted in good yields into the corresponding N -acyl derivatives of N-acyl-B -nitro-
phenyl-B -alanine, On the example of N-acetyl-8 -phenyl -8 -alanine it was shown that the nitro group
enters at the para- position to the side chain.

3. A preparative method for obtaining B -4-nitrophenyl-B -alanine was developed, and the compound
was characterized by the preparation of a number of derivatives.
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BEHAVIOR OF DIPHENYL- AND TRIPHENYLAMINES TOWARD

OXIDIZING AGENTS., X.

V. S. Smirnov

In a series of studies made by N. Ya, Demyanov and coworkers [1] the opinion was expressed that the
direction of the oxidation process depends on the nature of the amine, the temperature, the reaction medium,
and especially the nature of the oxidizing agent. As was established, the oxidation process, once it has
started, passes through a number of intermediate phases to the final products, Frequently it is impossible to
isolate the intermediate products,

For many years the authorand - coworkers, have studied the behavior of polymethylene and aliphatic
amines toward various oxidizing agents [2], and a number of ways have been found to experimentally prove
the theories expressed by N. Ya. Demyanov [3] on variation in the reaction medium, surface tension and
viscosity in the process for the oxidation of amines,

Wieland established in 1911 [4] that tetraphenylhydrazine (m. p. 147° with decomposition) is formed in
the careful oxidation of diphenylamine with potassium permanganate in acetone solution, This compound
gives colorless solutions in the cold, If a solution of tetraphenylhydrazine in toluene is heated to 70°, it
acquires a greenish-brown color, ascribed to free radical formation. The color vanishes in the cold, and the
starting tetraphenylhydrazine can be isolated from the solution.

In this communication we followed the transformations of diphenyl- and triphenylamines in concentrated
sulfuric acid solution, The process for the transformation of diphenylamine in sulfuric acid solution probably
proceeds by Scheme (1):

CoHy CoH, Ceb CeHy
2 UNH > Hio w2 ON— T2 *OIN-NC O, GHsOH-+NHz. (1)
CoHly

Ccotty CeHy” CeHs

The process for the transformation of triphenylamine when it is oxidized in the presence of sulfuric actd
proceeds by Scheme (2):

CeH
— " PSNH+ CH;0H,
CeHy’

and then by Scheme (1).
EXPERIMENTAL

Oxidation of Diphenylamine, ) With hydrogen peroxide. 25 g diphenylamine was dissolved in 60 ml
1,50, (@ 1.84) and the flask was then fitted with a reflux condenser and the apparatus was placed on a water bath,
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Perhydrol (100 m1) was added to tlie solution in small portions in the course of 64 hours of heating. The
oxidation proceeded smoothly. A black precipitate formed which was filtered off. The sulfuric acid
anion was removed in the filtrate with saturated barium chloride solution, A small quantity of the
filtrate was treated with alkali and an odor of ammonia was noted, The other part of the filtrate was
treated with Nessler's reagent, The characteristic orange coloration appeared and a red-brown pre-
cipitate came down, The black precipitate was repeatedly treated with hot water on a filter, The
sulfuric acid anion was removed, The solution was steamed down to low bulk, Upon standing,
crystalline phenol (0,34-0.49 g) came down which with ferric chloride gave a violet coloration and
also the Meltzer reaction and the reaction Millon's reagent, A parallel experiment gave similar
results,

b) With potassium permanganate, 25 g diphenylamine was dissolved in 60 ml H,SO, (d 1.84)
and the flask was fitted with a reflux condenser, Heating on a water bath was continued for 64 hours.
50 g KMnO, was added in small portions, 100 ml water was added, The resulting black precipitate
was filtered off, The sulfuric acid anion was removed from the filtrate with saturated barium chloride
solution, Ammonia was detected by the action of alkali and Nessler's reagent on the filtrate, The
black precipitate was repeatedly treated with small portions of hot water, The sulfuric acid anion was
removed from the solution with a saturated solution of barium chloride and the solution was steamed
down to low bulk. Yield phenol (0.3-0.5 g), gave the characteristic qualitative reactions with ferric
chloride, and the Meltzer and Millon reactions, A parallel experiment gave similar results,

Triphenylamine was ized from i and dip by prolonged boiling
with potash solution and powdered copper. M. p. ~ 126,8" after recrystallization from diethyl ether,
After treatment with sulfuric acid and sodium nitrite and upon fusion with oxalic acid, it gave blue dyes
of unknown structure,

Oxidation of wiphenylamine, a) With hydrogen peroxide. 30 m1 HySOj (d 1.84) was added to
10 g triphenylamine, dissolved in 50 ml acetone. The reaction conditions and treatment of products

were the same as those described for the oxidation of diphenylamine, Ammonia and phenol (0.22-0.39 g)
were obtained, Phenol gave marked qualitative reactions with ferric chloride, also the Meltzer and
Millon reactions, A parallel experiment gave analogous results,

b) With potassium permanganate, 50 ml sulfuric acid (d 1.84) was added to 10 g triphenylamine,
dissolved in acetone, The reaction conditions and treatment of products were analogous to those described
for the oxidation of diphenylamine, Ammonia and phenol (0.39 g) were obtained. Phenol gave marked
qualitative reactions, A parallel experiment gave analogous results,

SUMMARY
1. The oxidation of diphenylamine with hydrogen peroxide in sulfuric acid solution yields phenol
and ammonia. The presence of tetraphenylhydrazine in the oxidation products could not be shown,

2. The oxidation of triphenylamine with either hydrogen peroxide or potassium permanganate in
acetone solution, with the addition of sulfuric acid, yields phenol and ammonia.

3. The process for the transformation of diphenyl- and triphenylamines in their oxidation in
sulfuric acid solution, judging from the final oxidation products, is comparable to the diazotization
reaction for aniline; the difference consists only in the form of the cleaved nitrogen,
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BEHAVIOR OF CYCLOHEXANONE AZINE AND PHENYLHYDRAZONE TOWARD
OXIDIZING AGENTS. XI.

V. S. Smirnov

In the oxidation of cyclohexylamine in the presence of copper [1] it was established that oxidative
deamination takes place through the corresponding hydroxyamine stage. In the oxidation of cyclohexanone
oxime with efther hydrogen peroxide or potassium [2] it was that a similar

prevails for the transformation of the oxime. To establish the mechanism for the oxidation of polymethylene
amines it appeared desirable to trace the behavior of other nitrog i vatives so
as to have a more complete picture of the transformations shown by this group of nitrogen compounds.

The process for the transformation of the azine and phenylhydrazone probably proceeds in the following
manner;

CoHyg=N—N=CgHyp — CgHqO -+ NH,
CoHig=N—NH—CgHg —> CyH;OH + CgHy0 + NHj.

EXPERIMENTAL

The azine of cyclohexanone was prepared by heating cyclohexanone with hydrazine hydrate in alcoholic
solution [3]. The azine, recrystallized from ether, had m, p. 33-34.5°, as per literature data [3, 4].

Oxidation of azine of . 2) With hydrogen peroxide. 90 ml of perhydrol was added in
separate portions to 11 g of the azine of cyclohexanone, Heating on a water bath was continued for 64 hours.
The resulting soluticn was yellow and had a pungent unpleasant odor, Distillation yielded fractions: 1st,

b. p. to 120°, 2nd, above 120°, The residue in the distilling flask gave off ammonia, Upon treatment with
caustic soda, the 1st fraction gave off ammonia. Nessler's reagent brought down a red-brown precipitate, The
2nd fraction divided into two layers. The upper cyclohexanone layer was separated, Yield 0.4 g.

b) With potassium permanganate. An aqueous solution of potassium permanganate (30 g in 80 ml water)
was added in separate portions to 11 g azine of cyclohexanone, 10 ml sulfuric acid was added. The experiment
was carried out as described above, Nessler's reagent brought down a red-brown precipitate, The 2nd fraction
divided into two layers. The upper layer yielded 0,52 g cyclohexanone, The semicarbazone was prepared,
which after recrystallization from boiling alcohol, came down in the form of fine crystals, m, p. 163166,

to the semic ne of

Oxidation of phen of . a) With hydrogen peroxide. 14 g of the pheny
dissolved in 60 ml toluene, was taken for the oxidation, 70 ml perhydrol was added, Heating was continued
for 64 hours. Two layers formed in the reaction flask, The upper layer was separated, Toluene was driven off,
Isolated 0.4 g cyclohexanone, After toluene was driven off, a great deal of resinous product remained.in the
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fficult to pulverize mechanically. Tﬁe.res)’n.ous product wktd
v ded 2 small quantity of phenol which gave ma "
lon reactions, Treatment of the solid product wi

flask which in its solid siate was very o
soluble in toluene, Treatment with hot water yielded
reactions with ferric chloride and the Meltzer and Mil
alkali caused ammonia to be given off.

of n solution of 60 ml
’ . " N s
\was consumed; it was added in small portions in aqueou

b) With potassium permanganate. 14  pl
e e o o houre, o KN:"‘D" d(d 1.84) was added, After oxidation was com-
ating was for 64 hours, 10 ml sulfuric acif ‘ ) o resanone
somno‘:};e‘::‘ack %xecipirate was filtered off, The filtrate di ldevd into two lal)/‘erls. a(fll.er rﬁﬂ;swl“zalmn
e parsted as the upper layer, From it was prepared the semmarbazone:nc] s il
o ot ; fine crystals, m. p. 165-166°, corresp
1. came down in the form of fine cry: , m. p. correspo B restous
oot bmhng(acl;:ro:lelxanune After toluene was driven off, the lower layersolidified into
carbazone of cy .

mass in which phenol and ammonia were detected.
SUMMARY

i i ermanganate
1. The oxidation of cyclohexanone azine with either hydrogen peroxide or potassium P g
je1ds < d ammonia,
yields cyclohexanone an N e
2. The oxidation of cyclohexanone phenylhydrazone with either hydrogen peroxide or p

permanganate yields cyclohexanone, phenol and ammonia.
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FORMATION OF POLYAMIDE RESINS

V. PARTICIATION OF POLYMERIZ ATION ND POLY CONDENSATION REACTIONS IN TR NSFORMATION

OF €-CAPROLACTAM INTO POLYMERS

A.S. Shpitalny

Earlier [1] we had concluded that 7-membered lactams are capable of being transformed into polymers
either by stepwise (hydrolytic) polymerization or as the result of p From this 1 it
followed that under suitable conditions for the transformation of €-caprolactam (for example, in the preseiice
of water), where the formation of two functional groups in one molecule is possible, which would differ in
theit sign of polarity, both of these processes will proceed simultaneously. Since the mechanism of poly-
2mide resin formation from monomers of diverse structure is a current discussion topic [2, 3], we considered
it advisable for us  to contribute some additional data, supporting the above described transformation
scheme for ¢-caprolactam, To obtain these data we made use of the experimental material on the trans-
formation of €-caprolactam into polymer, already adapted by us to admit [1, 4] of only one reactior,
either polymerization or polycondensation, and also of a series of experiments on the formation of polymer
from € -caprolactam in the presence of variable amounts of water and for different lengths of time,

We studied the transformation of €-caprolactam into polymer on the example of reacting adipic
acid with €-caprolactam.  Ir. contrast to the earlier experiments in this direction [1, 4], in the present

TABLE 1
Reaction of Adipic Acid With € -Caprolactam

Molar ratio adipic Temperature | Duration of the process | Amount of reacted
acid: (in hours) €
€- caprolactam (in %)

Molar ratio adipic

acid: €

in the reaction
products

: 100 3.8

1:
20.9 1:
8.7 1:
68 -
100 i:1

16

case we prepared polymers with a high molecular weight, and we also varied the length of reaction time,

The data in Table 1 show that the rate for the transformation of €-caprolactam into its reaction
product with adipic acid depends on the concentration of the latter in the reaction mass, Small amounts
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of adipic acid retard the reaction, while large amounts accelerate it, Thus, at 220° and a molar ratio
adipic acid : €-caprolactam of 5:100 , even when the process is run for 24 hours, only 78.7 % of the
caprolactam reacts, whereas with a reactant molar ratio of 1: 1 three hours is sufficient for all of the
caprolactam to react,

It is necessary to emphasize that reaction in these experiments was exclusively stepwise poly~
merization, The participation of even traces of mofsture was excluded by keeping the starting
reactants in a desiccator for a long time over ic anhydride, C , the in
the literature [2] of statements that organic acids, in the absence of water, "do not catalyze" the
transformation of €-captolactam into polymer, should be regarded as being due to insufficient ex-
perimental data on the reactions of lactams with organic acids,

TABLE 2

Processes ding at 220°with Polyamide Formation from €-Aminocaproic Acid and
Products of €-Caprolactam into Polymer.

Low

Duration of process M Polymer
(in minutes)

Starting products

Aminocaproic acid 15 1500 *
Ditto 30 4950
" 120 6400
Low-molecular polymers (M 3000) 30 6250
Ditto 60 15000

* Prior to molecular weight determination there was removed 10.6% of water-soluble products from the

reaction mass by washing.

To keep the polycondensation and polymerization processes separate, the same as in earlier studies
[1, 4], the fon products of €-cap into polymer, being low-molecular
polyamide polymers, were treated in suitable manner, in which connection the latter were completely
freed from caprolactam and from water-soluble products by successive washing with benzene and with
water, Here the transformation rate of these products into polymer was determined in comparison to the
rate of polymer formation from € -aminocaproic acid.

From the data in Table 2 it follows that the rate of the p ion process is
fast even at 220°, —it is much faster than the stepwise polymerization reaction, Since we were able to
find only traces of the lactam in the transformation products, it must be assumed that participation of
the polymerization reaction could not exert much influence on the obtained results,

From a parison of both sets of exp: 1 results it can be concluded that in the transformation
of e-caprolactam into polymer the bifunctional compounds that arise here (a mixture of monomers and
low-molecular polymers) should very rapidly form polymers with higher molecular weight, and consequently
the concentration of low-molecular polymers in the reaction mass should fail to be high at any moment in
the process, At the same time any additions, facilitating an increase in the amount of functional groups
in the reaction mass, will favor an increase in the reaction rate, and especially in the initial stage of the
process,

The transformation of €-caprolactam into polymer, as follows from an examination of the experi-
ments on the formation of polymer in the presence of variable amounts of water and for different lengths
of time, shows characteristics that are evoked by participation of both of the above-examined reactions
(Table 3),
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TABLE 3

Transformation of €-Caprolactam into Polymer in the Presence of Variable Amounts of Water and for
Different Lengths of Time

Amount M of {Calculated *

of water- | water-  [amount of amino-
soluble [soluble |caproic acid
polymers | polymers | (in %)

(in %)

Experi- Amount of water
ment in the reaction

Nos, mass

% |Mole %

Duration of
process (in hours)
Temperature
Amount of water
insoluble polymers

M of water-in-

85 |soluble polymer

w

5
83 I3

AR IR gt et it
9% 855 5oen
8% 8888 8888
&° geen gRvg

&

* The amount of aminocaproic acid was calculated on the basis that the transformation of the lactam into
polymer proceeds only by the usually recommended stepwise polymerization scheme [5], in accord with which
each polymeric molecule can be formed with the aid of only one aminocaproic acid molecule,
'
The small amount of low-molecular fractions in the reaction mass, being observed during the whole
process, appears, as was indicated above, quite regular and is explained by the more rapid rate of polycon-
densation reactions when compared with ring hydrolysis reactions,

An acceleration of the process with increased amounts of water in the reaction mass is also in accord
with the conclusions made above, since in this case the amount of functional groups in the reaction mass
increases, which facilitates the progress of both polymerization and polycondensation reactions,

And finally, if the amount of € -caprolactam, subjected to hydrolysis by water, is judged by the amount
of aminocaproic acid that will be formed if only the usually recommended polymerization scheme (5] is con-
sidered, then based on the data obtained for different stages of the process, this amount decreases toward the
end of the process, Data of this character could have place only with participation of the polycondensation
reaction in the process, 1f only the polymerization process is present, as is postulated at times [2], then the
amount of aminocaproic acid, calculated in accord with the indicated method, should fail to show decrease
toward the end of the process.,

From the obtained data it follows that the scheme proposed by Catothers for the transformation of

6-membered lactones into polymers [6] can be applied to the of 7
lactams, not fully, as we had done earlier [1], but with certain modifications, and namely:
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CO 40O
(CHz)h< 1|m — HOOC(CHy)sNH;

THo

o] | smo “ 1

Mixture of caprolactam and low=  _go | | 410
*molecular polyamides

+H,0 —H,0 l
— NH—(CHj)s—CO—NH—(CHy);—CO—NH—(CHy);—CO—
This scheme predicts the course of both the stepwise polymerization and the polycondensation processes.

i ilibri t with
It differs from the above -mentioned scheme of Carothers in that the polymer is I.ound m(eqmli:)n:im, :ﬂnnmu
the starting monomer (in the present case with the lactam), but instead with a mixture of the starting

and low-molecular polymer,

EXPERIMENTAL

lactam was carried out the same as in the preceeding works
lactam, the melt was treated with benzene. The lactam
Itered off, washed with benzene, dried, wéighed and its
The quantity of lactam was established by

The reaction of adipic acid with €-capro
[1, 4]. To determine the quantity of unreacled.
passed into solution, the insoluble residue was fi
molecular weight was determined by titration of the end groups.
determination of dry residue in the benzene extract,

mL 0.1N HCI

1 2 J
ml 0.1N HCl

igure 2
Figure 1 Figure

In the on of € acid to 3 polymer, the melt obtained by holding 2
weighed sample for a fixed interval of time at 220° in sealed ampoule (from which ait h:d :m::vdeug‘l:ced
by carbon dioxlde) after treatment with benzene and drying, was extracted with hot watc‘r oremore e
water-soluble polymers, In contrast to the preceeding experiments, in the given ca:le[on yl ces o lact
detected in the benzene extract. In the same manner we treated the melt, obtaine mnl-‘ uwides pealar
polymers — intermediate products formed by conversion of lactam to high-molecular polyam
melts which were reaction products of €-caprolactam and water.
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The molecular weights of the water-soluble products were determined by potentiometric titration
(glass electrode) of the amino groups of the polymer in phenol-methanol solution (Fig. 1) (2 volumes
phenol +1 volume methanol) [7] (found M 415) or by titration by the formol method [8] (found M 454,
400).

The molecular weights of the water-insoluble polymers were determined by potentiometric
titration (Fig. 2) (found M 2400) or by titration of polymer solutions in benzyl alcohol at about 170°
in the presence of phenolphthalein with 0.1 N KOH solution. The latter was prepared by solution of
KOH in benzy! alcohol, containing 10% methyl alcohol [7] (found M 2353 2850).

SUMMARY

1. Additional data were presented in support of the scheme for the transformation of
€-caprolactam into polymer in the presence of water, in which both the polycondensation and
polymerization reactions participate: a) a low concentration of low-molecular polymers in the
reaction mass during the whole process, b) an increase in the process rate with increase in the
amount of water in the reaction mass, and c) a decrease in the number of functional groups
in the reaction mass toward the end of the process.

2. The comparative rate of polycondensation and polymerization reactions was shown on
the example of converting € -caprolactam into polymer by each of these reactions separately. In
this way it was established that polycondensation reactions proceed considerably faster than do
stepwise polymerization reactions.
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REACTION OF MESITYLMAGNESIUM BROMIDE WITH THE ALLYL ESTERS OF
TRIMETHYLACETIC AND FORMIC ACIDS

E. B. Sokolova and M, E. Dolgaya

One of the anomalous directions of the organomagnesium synthesis with participation of esters
leads to the formation of hydrocarbon reaction products as the result of the alcohol residue (R') of the
ester radical condensing with the radical (R") of the organomagnesium compound, Arnold and co-
workers [1] on much experimental material showed that when phenylmagnesium bromide is used the
cleavage of esters by the indicated scheme is observed if: 1) the radicals of the acidic residues
create considerable steric hindrance, and 2) the radicals of the alcoholic residues show a tendency
to form cations (as, for example, allyl, crotyl, etc.). According to the data of Amold, Bank and
Ligget  (sec [2]), ester cleavage with the formation of hydrocarbon products of the R' R type
fails to occur when allyl trimethylacetate is reacted with phenylmagnesium bromide. Since steric

drance increase in the organomagnesium compound augments its ester cleavage action [3], in
this study we decided to examine the cleavage action of mesitylmagnesium bromide on the allyl
estess of trimethylacetic, acetic and formic acids, for which the above indicated type of cleavage
reaction was not observed earlier,

As the result of our i it was that allyl tri; is cleaved by
mes:tylmagnesium bromide to give cleavage products in 20% of the theoretical yield. Substitution
of isobutenyl for the aliyl radical increases the yield of cleavage reaction products to approximately
35%.

Allyl acetate and allyl formate, under the influence of mesitylmagnesium bromide, fail to form
the R R” type of hydrocarhon cleavage product. In the experiment with allyl formate the hydrocarbon
obtained by us was dimesitylmethane. Its formation is evidence that in the given case, the same as
in the reaction of ethyl formate with mesitylmagnesium bromide [4], reaction proceeds by the normal
scheme., The reaction of mesit; ium bromide with tri chloride gave tert-butyl
mesityl ketone in up to 40% yield,

EXPERIMENTAL

Reaction of mesil bromide with _allyl trimethylacetate, Allyl
acctate, which was  obtained in 0% yield by Spasov's method (5] from trimethylacetyl chloride and
allyl alcohol, had the following properties: b. p. 138-142°, nf 1.4119, d} 0.8877. For the organo-
magnesium synthesis was taken: 100 g mesityl bromide, 12 g magnesium filings, 72 g allyl trimethyl-
acetate,

hyl
y

The reaction product was heated on a water bath for 16 hours and decomposed with saturated NH,C1
solution, acidified with HCI, The ethereal solution of reaction products was extracted three times with
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10% NagGQy solution, After the ether was removed the soda extracts were acidified with 20% HS0, and
trimethylacetic acid was driven off together with water, 10 g trimethylacetic acid was obtained,
corresponding to a 20% yield of cleavage reaction products, After ether was driven off, the reaction
products were vacuum-distilled twice., 20 g low-boiling fraction with constant refractive index was
treated with 10% NaOH solution for extraction of mesitol, The crystalline product separated from the
alkaline layer upon acidification had a pungent phenolic odor and b, p. 67-68°, corresponding to
mesitol, The properties of the mesitol reaction product freed from admixture were & follows:

B. p. 87-88°(5 mm), d}y 0.9065, nf) 15149, MR}, 53.22; Calc. 53.55.

Found %: C 89,54; H 10.70. CyyHys Calculated %: C 90.00; H 10.00.

Bromine numbers by Kaufman's method: 103.1 and 102,9, Since the molecular weight of
allylmesitylene is 160, the bromine number was rumerically equal to % of unsaturated products.

The analytical data presented indicate the product to be allylmesitylene.

g bromide with isobuteny! trimethylacetate *. Preparation of

isobutenyl tiimethylacetate, _lsobutenyl chloride [6] was hydrolyzed with aqueous potash solution by Sheshukov’s
method [7] until disappearance of the organic layer, After evaporation and dehydration of the distillate

with calcined potash and anhydrous CuSOy, isopropenylearbinol with dZ8 0.8572 was isolated, The ester

of i inol and i ic acid was prepated by addition of 0.6 mole of the acid chloride to

a solurlio:l of 0.5 mole alcohol in mixture of anhydrous pyridine (1 mole) and absolute ether (150 ml) upon
heating on a water bath, Yield of ester 90%,

Reaction of

B. p. 156-158° (750 mm), d¥ 0.8750, nj 14172, MRy 44.84; Calc, 44.95.

For the organomagnesium synthesis we took 90 g mesityl bromide, 12 g magnesium, 70 g isobutenyl
trimethylacetate. The reaction product was heated for 8 hours on a water bath and then treated the same as
in the preceding synthesis. The total amount of trimethylacetic acid that separated out due to the cleavage
reaction in this experiment was 16 g, 1.e., 35% of amount of ester taken for the reaction, After the ether
was driven off, the reaction produet was given 2 vacuum-distillations and yielded 26 g narrow -boiling fraction,
After treatment with 10% NaOH solution (to extract mesitol), the product distilled in the range 102-104
(6-7 mm),

4% 0.9009, 0%y 1.5123; MRy 57.97; Calc, 58.16.

Found %: C 89,60; H 10.26, CyHy,. Calculated %: C 89,65; H 10.35.

Bromine number by Kaufman's method: 104.2, Calc, 92.00.

Reaction of mes ium bromide with trimethylacetyl chloride, ~For reaction we tock 100 g
mesityl bromide, 12 g magnesium, 60 g trimethylacetyl chloride, The mesitylmagnesium bromide solution
was run into the ethereal acid chloride solution [8] and heating up was noted with the appearance of red
coloration of the solution, The reaction product was heated on a water bath for 12 hours and then de-
composed with 10% acetic acid solution, The ethereal solution was treated twice with 10% NaOHsolution
to remove free acid and mesitol, dried over calcined potash and distilled, Repeated distillations yielded
about 40 g product, the main bulk of which distilled at 125-126* (8 mm).

20
4% 0.9623, n}} 1.5040, MRp 62.78; Calc. 63.26.
Found %: C 82.53; H 1005, CyHyO. Calculated %: C 82.3!

* M. A, Golovanova participated,
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The obtained ketone could not be identified through its semicarbazore, The available literature
data states that due to steric hindrances, dimesityl ketone [9] and hexamethylacetone [10] also give no
oxime or pl type derivatives. The investigated ketone was therefore
reduced to the corresponding carbinol with metallic sodium in boiling ethyl alcohol [9] two-fold
reduction converted the ketone to carbinol only to the extent of 56% (found %: OH 4,65;
cale, 8,25), The reduced ketone distilled at 145-147° (10 mm) and was of viscous consistency, The
freshly distilled product had dj 0.9781 and n® 15137, The reduced ketone crystallized upon
standing, The pressed off crystals were twice recrystallized from dilute ethyl alcohol; m. p, 35-36°,

Found %: C 81.69; H 10.30. CyHpO. Calculated %: C 81,56; H 10,68.

The carbinol was identified through the benzoy! derivative obtained by reaction of benzoyl
chloride with solution of the substance in a mixture of pyridine and chloroform with heating on a
water bath [11]. The benzoyl derivative was recrystallized from petroleum ether and twice recry-
stallized from dilute ethyl alcohol, after which it had m, p, 81-82°.

Found %: C 8148; H 842, CyHy0,. Calculated %: C 81.29; H 8.29.

Reaction of mesitylmagnesium bromide with allyl formate, Allyl formate was prepared from
anhydrous oxalic acid and anhydrous glycerol by method described in [12). Wetook 40 g mesitylene
bromide, 6 g magnesium, 18 g allyl formate; addition of the latter 1o a solution of mesitylmagnesium
bromide caused a crimson coloration which turned brown, The reaction product was decomposed

h 10% acetic acid. After distillation of the fractions which came over up to 200° at atmospheric
pressure, the residue was vacuum-distilled, The temperature of the vapors quickly rose to 188-190°
(6 mm); at this point about 3 g of product, m. p. 134°, crystallized in the outlet tube of the flask
and in the condenser. The residue in the flask solidified into a hard vitreous mass, insoluble in
ethyl alcohol but readily soluble in benzene, acetone and in petroleum ether, Evidently, the re-
sidue was a linear polymer of allyl formate. Percentage analysis showed the resulting crystalline
product to be dimesitylmethane,

Fourd %: C 90.24; H 9,92, CygHy. Calculated %: C 90.56; H 9,44,

SUMMARY

1. It was shown that allyl trimethylacetate is cleaved to the extent of 20% when it is reacted
with mesit ium bromide, of the ester allyl radical by isobutenyl increases the
yield of cleavage products to 35%,

2. Allyl formate reacts with mesitylmagnesium bromide by the normal scheme to yield
dimesitylmethane,

3. The reaction of bromide with tri y1 chloride gave tert-butyl
mesityl ketone, which can be converted into the corresponding carbinol by sodium reduction in
alcohol medium,
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Julia and Tchernoff [1] described the preparation of chlorophenoxycrotonic acids, where the
melting points of the acids obtained by these authors strongly differed from the constants of the sub-
stances that we had synthesized earlier by other methods [2]. In connection with this we ran the
Received May 20, 1955 D. 1. Mendeleev Moscow Institute of oxidative cleavage of two different acid specimens for the purpose of establishing the position of the

Chemical Technology double bond. The oxidation was run by the gradual addition of 2% potassium permanganate solution
to a known weight of the acid dissolved in 1% soda solution, Oxidation of the acid, synthesized by
the method of the French authors, gave the expected chlorophenoxyacetic acid, while oxidation of
the acid obtained by our method [2] gave chlorophenol, identified as the benzoyl derivative, Con-
sequently, it must be assumed that in our published paper [2] we failed to obtain the chlorophenoxy-
crotonic acids, and instead we obtained the i yviny acids: the
p-chloro-, 2, 4-dichloro- and 2, 5-di yvi ic acids,

. = C.B, Translation pagination,
EXPERIMENTAL

2. 4~Dichlorophenoxycrotonic acid (m. p. 186-187% [1]. A 2% solution of potassium per-
manganate (110 ml) was added drop-wise to a solution of the above acid in 150 ml 1% soda solution
until a pink coloration was obtained. Manganese dioxide was filtered off and the filirate was steamed
down to 50 ml volume, On cooling, the solution was acidified with hydrochloric acid (Congo) and an
oil formed which solidified upon standing. The solid product was separated, washed with water and
dried in a desiccator, Weight 0.65 g (80%); m. p. 137-138° (from water). The substance gave no
melting point depression in mixture with 2, 4-dichlorophenoxyacetic acid,

Acid with m, p. 112-113° [2]. A solution of 1,06 g acid in 150 ml 1% soda solution was oxidized
with a solution of 1,8 g potassium in 90 ml water, dioxide was filtered off
and the filtrate was steamed down to 30 ml volume. On cooling, the solution was again filtered and
then acidified with 5% sulfuric acid (Congo); a small quantity of substance separated out which had the
characteristic odor of 2, 4-dichlorophenol, The acidic solution was treated with ether. The solvent was
driven off from the ethereal extracts and the residue was dissolved in 10% caustic potash solution and shaken
with benzoyl chloride. The resulting precipitate of the benzoyl derivative was separated, washed with water
and dried ia a desiccator, Weight 0.65 g (60%); m. p. 94-95,5° (from aqueous alcohol), The melting point
of the benzoyl derivative of 2, 4-dichlorophenol was 96° [3]. When the permanganate solution was added
until a rose coloration appeared in the oxidation reaction, a considerable amount of solution s consumed and
further treatment yielded only resinous products which probably result from the oxidation of dichlorophenol,

SUMMARY

it was established that the products obtained in the reaction of sodium chlorophenolates with y-bromo-
crotonic ester, followed by ification, appear as i ic acids, and not as chlorophenoxy-
crotonic acids, as we had postulated earlier.
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sttt of Chemical Technology XCIIl. PROPERTIES OF THE POLYESTERS OF TETRAMETHYLENE GLYCOL AND 1,3-BUTANEDIOL

V. V. Korshak and S. V. Vinogradova

T. p. = C. B. Translation pagination.
In previous communications we have presented data on the polyesters of ethylene glycol, hexamethyl

cne glycol, lene glycol, glycol, propylene glycol, diethylene glycol and tri-
ethylene glycol with dicarboxylic acids of general formula HOOC(CH,), COOH, with n ranging from 0 to 8,
and the dependence of the properties of these polyesters on their structure was examined [1-5). In this com-
munication we give our investigation results on the polyesters of tetramethylene glycol and 1,3-butanediol
with various dicarboxylic acids. The method used to obtain the polyesters was the same as that described
earlier [2, 4]. For the polymers obtained in this manner we determined the melting points, the transition
temperatures into the visco-liquid state, the flow points, the solubilities in benzene and alcohol, and the
specific viscosities of 0.5% benzene solutions. The melting points of the solid polymers were determined

in capillary tubes, and those of the liquid polymers in test tubes (freezing in a mixture of dry ice and
acetone), The flow points and temperatures of transition into the visco-liquid state were determined in a
Happler consistometer under a load of 1kg. For the solubility determinations a weighed sample of the
polyester, known to be insoluble in the given amount of solvent, was placed in a flask fitted with reflux
condenser, and heated for 3 hours at solvent boil. For the alcohol solubility determinations a 0.5 g sample

of the polyester and 10 ml of alcohol were taken. On conclusion of heating the solution was cooled to room
temperature, the polymer portion failing to dissolve was filtered, the determined filtrate volumes were placed
in cuvettes, the solvent evaporated, and the solubility of the polyester in grams per liter was calculated from
the residue weight, The viscosimetric method was used to calculate the molecular weights of the polyesters,
taking K = 0.93. 10% for benzene and 1.75 - 10~* for cresol. The results obtained by us are given in Table 1.

The dependence of the melting points of the tetramethylene glycol polyesters on the number of car-
bon atoms in the molecule of the starting dicarboxylic acid is shown in Fig. 1.

Similar to the polyesters of other polymethylene glycols previously studied by us, the variation in the
melting points of the tetramethylene glycol polyesters as a function of the number of carbon atoms in the
acid molecule assumes the form of a zigzag line. The polyesters, obtained from dicarboxylic acids contain-
ing an even number of carbon atoms in the molecule, melt higher than do the polyesters, obtained from di-
carbozylic acids that contain and odd number of carbon atoms in the molecule. The highest melting point
(113-114°) 15 shown by the polyester of tewramethylene glycol and succinic acid, The lowest melting point
in the series of polyesters prepared from tetramethylene glycol and dicarboxlyic acids with an even number
of carbon atoms in the molecule is observed for the polyester of adipic acid (57°), after which the polyester
melting points rise in measure with increase in the length of the methylene chain in the starting dicarboxylic
actd. The lowest melting point in the series of polyesters prepared from dicarboxylic acids with an odd number
of carbon atoms in the molecule is observed for the polyester of malonic actd, being a viscous liquid with
m.p. -22°. In measure with increase in the length of the methylene chain in the series of polyesters prepared
from dicarboxylic acids with an 0dd number of carbon atoms in the molecule a rise in the melting points of
the polyesters obtained from them is observed. Thus, the polyester of glutaric acid is a solid with m.p. 36°,
polytetramethylene pimelate melts at 38°, and polytetramethylene azelate melts at 49°.

A study of some of the polyesters with the ald of the consistometer revealed that the character of the
changes in the flow points and in the transition points into the visco-liquid state as a function of the number
of carbon atoms in the molecule of the starting acid was similar to that shown by the changes in the melting
points of the polyesters. The polyesters, obtained from oxalic, adipic and sebacic acids, i. e. from acids
containing an even number of carbon atoms in their molecule, show higher values for the given constants
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Fig. 1. Vartation in the nielting points of
tetramethylene glycol polyesters as a func-
tion of the number of carbon atoms in the
dicarboxylic acid molecule.
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than do the polyesters, obtained from glutaric, pimelic and azelaic acids. Also characteristic is the fact that Fig. 2. Variation in the solubility of "tetramethylene
the transition from the visco-liquid state to the fluid state takes place in a short temperatuwre interval, Thus, for glycol polyesters in alcohol as a function of the
polytetramethylene glutarate this interval is 2°, and for p pimelate, pol adipate fumber of carbon atoms in the dicarboxylic acid

and polytetramethylene sebacate it is 1°; this interval is somewhat greater for the polyesters of oxalic and azelaic molecule,

acids, being 8°. The short temperature interval for the transition from the visco-liquid into the fluid state indi-

cates that the given polyesters are crystalline substance. In two cases (2 and 4 in Table 1) for the tetramethylene which are able to exert an influence on its

glycol polyesters the polycondensation was run in the presence of a catalyst — lithium hydroxide, taken in an melting point; for this reason it is possible to determine
amount equal to 0.25% of the di ethyl oxalate (or diethyl malonate) weight, for the purpose of obtaining polyesters the melting point of the polyester, not subjecting it
with a somewhat higher specific viscosity, i. e. with a higher molecular weight. The melting points of the poly- after p ion to further puri To

esters obtained here either completely failed to differ from the melting pointsof the polymers, obtained in the verify the validity of such an assumpticn we subjected
absence of catalyst (1 and 2), or they differed very slightly (-24° for 3 and -22° for 4), although the specific some of the glycol polyester sp
viscosities of these polymers, for example, for 1 and 3, showed a 2.5-fold change (0.1 for 1, and 0.245 for 2). (5.9, 8, 11 and 13, Table 1),obtained after polyconden-
This fact indicates that the variations in the molecular weights, which exist for the polyesters obtained by us, sation, to purification — to a double precipitation with
fail to exert much influence on their melting points. The latter is very clearly seen if we compare (among them- petoleum ether from their benzene solutions; the mel-
selves) the melting points of the polyethylene sebacates with different molecular weights, given in Table 2. . ting points of the specimens purified in this manner
proved to be practically the same as those of the polyesters Fig.3, Variation in the nielting points of
that had not been subjected to additi i 13 ol polyesters as a function of
the fumber of carbon atoms in the dicar-
boxylic acid molecule,

3

8

§

8§

Melting point, in °C

8

Different polyethylene sebacate specimens with the specific viscosities of their 0.5% benzene solutions
ranging from 0,17 t0 9.65 show practically no variation in their melting points. This gives us basis to assume :
comparab, . melting points for the polyesters of different acids and glycols, despite the variations prevailing The alcohol solubility of the tetramethylene
in their molecular weights. The method developed by us for the preparation of polyesters is such that in the last glycol polyesters was also determined. The variation in
stage of the process the polymer is heated in vacuo to quite high temperatures (250°). This permits assuming that the alcohol solubility as a function of the number of car-
the polymer, obtained as the reaction result, will fail to contain any 1 1 i fes (in its i : bon atoms in the starting dicarboxylic acid i$ shown by the broken line (Fig. 2). From the graph it can be seen

that the solubility of the polyesters in alcohol changes in direct opposition to the changes in the melting pofnts:

'Sanitized Copy Approved for Release 2010/07/20 : ClA-RDP81-01043R000400050005-3



the greatest solubility is shown by the polyesters that Were obtained from dicarboxylic acids with an odd
number of carbon atoms in their molecule. The alcohol solubility of the tetramethylene glycol polyesters

is slight and ranges from 1.55 to 7.27 g/liter. The given polyesters show much better solubility in benzene.
Thus, a 2 g sample of polytetramethylene adipate, and 1.5 g samples each of polytewramethylene sebacate
and poly malonate, are soluble in 5 ml of benzene. Data on the polyesters ob-
tained from the isomeric glycol, namely 1,3-butanediol, are also given in Table 1. Data on the polyesters

of propylene glycol has already been published by us [3). On this example was shown the great influence
exerted by the methyl group on polyester properties. It seemed of interest to confirm our earlier obtained
data and to verify them on the example of another gylcol, having a sidechain methyl group. For this purpose
we synthesized some 1,3-butanediol polyesters, which also had interest from the viewpoint of studying the
properties of polyesters with an odd number of methylene groups in the glycol chain. As can be seen from
the data shown in Table 1 and Fig. 3, where the curve showing the relationship between variation in the
melting points of 1,3-butanediol polyesters and the number of carbon atoms in the dicarboxylic acid mole-
cule is given, a change in the positions of the hydroxyl groups in the butanediol produces considerable change
in the properties of the obtained polymers. The whole curve for the melting point variations of the polyesters
obtained from 1,3-butanediol and the investigated acids lies in the region of negative melting points, whereas
in the case of the teramethylene glycol polyesters only the malonic acid polyester was liquid. Also character-
isticfor the polyesters of 1,3-butanediol is the fact that the zigzag character of the curve showing variation in
the melting points of polyesters is in the main upset, being retained only for the first three members of the
homologous series: the polyesters of oxalic, malonic and succinic acid. Beginning with the polyester of
1,3-butanediol and succinic acid, an increase in the methylene groups of the starting dicarboxylic acid pro-
ducesa  gradual  reduction in the polyester melting points clear up to the polyester of azelaic acid,
which possesses the lowest melting point of all of the polyesters in this series (-52°). Further increase in the
length of the hydrocarbon chain in the dicarboxylic acid leads to an increase in the polyester melting points;
thus, the polyester of sebacic acid already melts at -44, and that of decanedicarboxylic acid at -12°. A
comparison of these data with the data obtained for the propylene glycol polyesters, reveals that the char-
acter of the curve showing melting point variation as a function of the number of carbon atoms in the dicar-

boxylic acid molecule is the same for these two types of polyesters. However, it is necessary to mention that
an increase of one methylene group (from two to three) in the hydrocarbon chain of the starting glycol leads
to the situation that 1,3-butanediol polyesters show lower melting points than do the corresponding propylene
glycol polyesters. As a result, a side methyl group is a very effective internal plasticizer, neutralizing the in-
fluence of the eveness factor of the dicarboxylic acid, for a difference in the melting points of polyester ob-
tained from even- and odd-numbered dicarboxylic acids is absent over a large portion of the melting point
curve. The suong plasticizing influence exerted by a side methyl group is further shown in the fact that
clear up to the polyester of azelaic acid the melting points of the polyesters decrease in measure with the
accumulation of methylene groups in the starting dicarboxylic acid, and also in that the polymers appear as
liquids with very low melting points. Determination of the alcohol solubilities of the given polyesters re-
vealed that they are much more soluble than the tetramethylene glycol polyesters. Especially good solubility
is shown by the polyesters of 1,3-butanediol with adipic, pimelic and azelaic acids. The polyesters of oxalic,
malonic and succinic acid are less soluble.

SUMMARY

1. The polyesters of tetramethylene glycol and of 1,3-butanediol with oxalic, malonic, succinic,
adipic, glutaric, pimelic, azelaic, sebacic and decanedicarboxylic acids were prepared.

2. It was shown that the polyesters of tetramethylene glycol and dicarboxylic acids with an even
number of carbon atoms in the molecule melt higher than do the polyesters of dicarboxylic acids with an
odd number of carbon atoms in the molecule.

3. On the polyesters of 1,3-butanediol it was shown that the introduction of a side methyl group in the
polyester molecule sharply lowers their melting points.

4. On the example of p sebacate, poly oxalate and p
malonate,it was established that the melting points of polyesters of different molecular weight differ but
slightly among themselves.
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HIGH-MOLECULAR COMPOUNDS
XCIV. POLYESTERS OF TRIMETHYLENE AND PENTAMETHYLENE GLYCOLS

V. V. Korshak and §. V. Vinogradova

In previous communications [1-6) we have shown that the properties of polyesters are substantially in-
fluenced by both the total number of carbon atoms in the molecule of the starting dicarboxylic acid and by
whether this number is either odd or even. The polyesters of even-numbered polymethylene glycols, ob-
tained from dicarboxylic acids also with an even number of carbon atoms in the molecule, showed higher
melting points than did the polyesters of dicarboxylic acids with an odd number of carbon atoms in  the
molecule. The question of whether an even or odd number of methylene groups in the molecule of the
starting glycol exerts an influence on the melting point of the polymer has failed to receive an exhaustive

answer,

As study subjects for the purpose of elucidating this question we took the polyesters of trimethylene
and pentamethylene glycols, i. e. glycols that show an odd number of methylene groups in their chain. The
synthesis of the polyesters and their study has been described earlier [2, 4]. The obtained results are given in
the table. Figs. 1 and 2 show the variation in the melting points of the polyesters as a function of the number
of carbon atoms in the molecule of the starting dicarboxylic acid, from which it can be seen that the zigzag

character of the dependence of thepolyester melting points on the number of carbon atoms in the molecule
of the starting acid, characteristic of polymethylene glycol polyesters with an even number of methylene
groups in the polymethylene chain, is distupted. This disruption begins with the polyesters of glutaric acid.
Only for the polyesters of the first four members of the homologous dicarboxylic acid series (oxalic, malonic,
succinic and glutaric) do we observe the characteristic zigzags. Beginning with polytrimethylene glutarate
and polypentamethylene glutarate, an increase in the polyester melting points in measwe with increase in

the length of the methylene chain n the starting dicarboxylic acid proceeds as a smooth line. In the case

of the trimethylene glycol polyesters the change proceeds almost linearly, while for the pentamethylene
glycol polyesters it proceeds as a somewhat steeper curve. The difference in the melting points between
polyuimethylene glutarate and polytrimethylene adipate is 1°, and between polypentamethylene glutarate
and polypentamethylene adipate it is 14°. The character of the melting point changes for the polyesters of
those dicarboxylic acids that contain only an even number of carbon atoms in their molecule, both for the
polyesters of rimethylene glycol and for the polyesters of pentamethylene glycol, is similar to that of the
earlier igated polyesters of glycols with an even number of methylene groups in the
chain. The minimum melting points are found for the polyesters of adipic acid (polytrimethylene adipate
and polypentamethylene adipate melt at 36%). Apparently, these polyesters appear as break points, where

the softening influence of the simple ether linkage is shown in greatest measure, neutralizing as it were, the
influence shown by the polar carbonyl groups in increasing the melting point of the polymer. For the poly-
esters of wimethylene glycol the highest melting point is shown by the first member of the homologous series,
namely polytrimethylene oxalate, the melting point of which is 66°. Polypentametiiylene oxalate melts at
49°. A higher melting point for p oxalate than for oxalate becomes com-
prehensible if we consider that the specific density of the polar carbonyl groups in the polytrimethylene
oxalate molecule is greater than fn the polypentamethylene oxalate molecule (in the first case there are 3
methylene groups for 2 carbonyl groups, and in the second case there are 5). The higher melting point shown
by polytrimethylene succinate when compared to polypentamethylene succinate can also be explained by

the same circumstance. The question as to the influence of various groups of atoms on the melting points

of polyesters was examined by us in detail earlier 4, 5]. For the polyesters obtained from either timethylene
glycol or ylene glycol and acids with an odd number of carbon atoms in their molecule
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the picture obscrved for variation in the melting points
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tures of transition into the visco-liquid state show an

increase for the polyesters with increase in the length 0
of the methylene chain in the dicarboxylic acid, i. e.

they increase from the polyesters of adipic acid to the

polyesters of sebacic acid. For the investigated trimethyl- Fig. 3. Variation in the alcohol solubility of
ene glycol and pentamethylene glycol polyesters the trimethylene glycol polyesters as a function
temperature interval between the flow point and the of the number of carbon atoms in the dicar-
temperature of transition into the visco-liquid state is boxylic acid molecule,

small and constitutes a total of only 1-2°, which indi-

cates the high degree of crystallinity of the given polymers. Determination of the alcohol solubility of the
trimethylene glycol polyesters (Fig. 3) revealed that the variation in the alcohol solubility of the given polyesters
a5 a function of the number of carbon atoms in the dicarboxylic acid molecule was different from that of the
polyesters of polymethylene glycols, containing an even number of methylene groups in their molecule. The
curve fails to be zigzag, and instead is a smooth line with amaximum eorresponding to the polyester of azelaic
acid. However, a comparison of solubilities in the polyester series, the same as for other polymers, should be
appronched‘with caution, for apparently the molecular weight of the polymer shows great influence on its ability

to dissolve in various solvents. Thus, for example, polytrimethylene adipate, with a specific viscosity of 0.03
for its 0. solution in benzene, shows a solubility of 20.5 g/ liter in ethyl alcohol, while polytrimethylene adipate,
with a specific viscosity of 0,089, shows 2 total solubility of only 7.25 g/liter. Consequently, the decrease in
the alcohol solubility of the given polymers is nearly proportional to the increase in their specific viscosities, i.e.
in their molecular weights. ng from this, the ical data on the solubilities of our polymers in ethyl
alcohol should be considercd as being applicable only to the given sample with a definite specific viscosity.
However, for the polyesters of i glycol and p glycol we believe that our graph, showing
the relationship between variation in the solubilities of polyesters and the number of carbon atoms in the starting
dicarboxylic acid, despite the existing variations in the molecular weights of the investigated polymers, in general
validly expresses the existing relationship. The polyesters derived from trimethylene glycol and succinic, glutaric
AR and pimelic acids have approximately the same molecular weights, i. e. they all show comparable solubilities.
N Number of Garbon The polyester of adipic acid shows somewhat higher solubility due to its lower molecular weight. Polyethylene
Number of Carbon Atoms in the Acid adipate, with  specific viscosity of 0.0, will show a solubility in alcohol of approximately 12.5 g/liter.

Atoms in the Acid Evidently, for polytrimethylene azelate and polytrimethylene adipate the alcohol solubility will be somewhat
Jower due to the higher molecular weight of these polymers; however, the character of the curve for the vari-
ation in solubility as a function of the number of catbon atoms in the dicarboxylic acid will fail to change as a
result of this, although the absolute solubility values will be different. The polyesters of pentamethylene glycol
show much better solubility in benzene than they do in alcohol. Thus, most of the pentamethylene glycol poly-
esters, taken in amounts ranging from 0.8 to 1.6 g, are completely soluble in 5 ml of benzene.

N
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Figure 1. Variation in the melting points of Figure 2. Variation in the melting points of penta=
trimethylene glycol polyesters as a function methylene glycol polyesters as a function of the

of the number of carbon atoms in the dicar- number of carbon atoms in the discarboxylic acid SUMMARY
boxylic acid molecule. . molecule.

1. Polyesters of p glycol and ui glycol with di ic acids of general

* The viscosity was determined in cresol. formula HOOC(CH, ), COOH, with n ranging from 0 to 10, were prepared and studied.
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2. The question as 1o the infiusnce of the swucnire of the starting components on the melting points,
flow points, temperatures of transition into the visco-liquid state, and solubilities of the obtained polyesters
was examined.
resence of an odd number of

3. Beginning with the polyesters of glutaric acid, it was shown that the p
methylene groups in the chaln of the starting glycol leads to suppression of the evenness factor.
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SYNTHESIS OF w, w' - DIAMINO -p -XYLENE AND ITS DERIVATIVES

1. P. Losev, O. Ya, Fedotova and M. L. Kerber

w, w'- Diamino-p-xylene was first obtained in 1895 by Lustig [1] under the name of p-xylylenediamine,
as its hydrochloride Cety (CH,NH + HCl), + 1.5 H,0, by the condensation of xylene dibromide with potassium
phthalimide, Lustig also prepared some derivatives of this amine (the chloroplatinate, picrate, tetraacetyl and
dibenzoyl derivatives). F. Beilstein gives a melting point of 35° for the amine [2], not showing the author who
determined this constant. Other data on the synthesis of the diamine is not encountered, although there is in-
formation [3] on its attempted use for the synthesis of polyamides. Proceeding from the presence of an amino
group in the side chain, it can be asumed that its properties will be closer to those of the fatty rather than the
aromatic amines, as is the case for benzylamine, in which connection the basic character of w, w*-diamino-p-
xylene should be expressed even more clearly. In particular, the possibility of obtaining its salts with di -
carboxylic acids seemed of interest, which is of very great importance for the synthesis of polyamides. The
salts of w, w'-diamino-p-xylene with dicarboxylic acids (other than its salts with sebacic acid [4] and para-
phenylenediacetic acid [5]) have not been described.

Considering the availability of w, w' -dichloro-p-xylene, otherwise known as p -xylylene dichloride, we
attempted to obtain the diamine from it, identical with the p-xylylenediamine obtained by Lustig, through the
hexamethylenetetramine complex. Here the reaction for the formation of w, w'-diamino-p-xylene should pro-
ceed by the following scheme:

CgHy(CH,Cl)y + 2(CHy)gNy —> CgHy(CHRCl), - (CgHizNy)g,
C3Hy(CH,C1); - (CyHiaNy)y -+ 6HCI + 24C;H;OH —>
—> 12CHy(OC,Hg), + CgHy(CH;NH; - HCI); -+ 6NH,CI
CHy(CH;NH, - HCI); + 2NeOH —> CgHy(CH;NHy)z -+ 2NaCl + 2H,0.

Our experiments on the synthesis of w, w'-diamino-p-xylene from w, w'-dichloro-p-xylene by the Houben
method [6], proposed by him for the conversion of benzyl chloride to benzylamine, showed that considerable
modifications of this method have to be made, due to the specific properties shown by w, w'-diamino-p-xylene,
The isolation of the diamine from the reaction mixture by distillation, as is the case for the synthesis of benzy -
lamine, is not possible. An attempt to obtain the diamine by a modified method [7] failed to give a positive
result, The reaction was appreciably hastened only in the first stage of obtaining the complex, The small
amount of w, w'-diamino-p-xylene that was obtained proved to be highly contaminated with iodide salts. Its
capacity for CO, sorption from the air determines the difficulty of isolating w, w'-diamino-p-xylene as the
free base, which was not observed in Lustig's work, since he failed to isolate the diamine as the free base, On
contact with the atmosphere the liquid diamine reacts with CO,, being converted into an infusible and insoluble
crystalline powder. The passage of CO, gas into an alcohol solution of w, w' -diamino-p-xylene also gives a
crystalline precipitate of the carbonate, We failed to solate the free diamine from its carbonate efther with
25% ammonia or with alkali solutions, Treatment of the carbonate with hydrochloric acid gives the hydro-
chioride of the diamine, From our experimental results we developed a method for the synthesis of w, w'-
diamino-p -xylene through the complex with urotropine ine). To ize the diamine
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we prepared w, w' -diamino-p-xylene, and also its salrs with malonic, succinic, adipic and sebacic acids,
Heating of the salts gave polyamides with a specific viscosity ranging from 0.19 10 0.27 for their 0.5% i o Chdtani ) )
solutions in cresol, which corresponds to a molecular weight of 8000-10,000. alt of w, w'-diamino-p-xylene with sebacic acid.
Found %: C 63.4; H 8,60; N 791, CyyHyN,0,. Calculated %: C 63,90; H 8,87; N 8.25,

EXPERIMENTAL Heating of the fused salts in cresol at 220 -240° with subsequent evaporation of water and solvent in

high vacuum (10 mm) yielded polyamides, a 0.5% solution of which in cresol had a specific viscosity of
Synthesis of w, w'-diamino-p- xylene. 6 g w, w'-dichloro-p-xylene with m. p. 100" (from alcchol) 0.19-0.27 and had a high surface tension and melted in the range 110-290° (see table).

and 9 g urotropine were dissolved in 100 ml chloroform or in 200 ml methylene chlotide, The main bulk

of the complex compound separated out after standing for 24 hours at room temperature, the crystalline

precipitate was filtered off, pressed out and dried in air, After 40 hours of standing, the yield was 95-96%.

The obtained complex compound and the calculated (according to the reaction) quantity of hydrochloric

acid and ethanol were boiled on a water bath with reflux condenser for 3 hours, The ethylal was then driven

off at 70-80°, The operation was repeated two more times, heating the mixture with decreased (‘% 10'4)

quantities of hydrochloric acid and alcohol for 1 hour, The total quantity of the mixture of hydrochloric 2. It was established that w, w'-diamino-p-xylene is capable of forming the carbonate when a CO,

acid and ethanol exceeded the quantity calculated on the reaction by 1.7 times. The precipitate of hydro- stream is passed into its alcohol solution, and is also capable of COy sorption from the air, Under the in-

chloride was filtered off, washed free of acid with alcohol or acetone and dried at 60-70°. Upon treatment fluence of hydrochloric acid the carbonate is converted into the hydrochloride.

of the precipitate with 40% alkaline solution, the diamine separated out in the form of yellow -brown oily

liquid, After vacuum-distillation in a stream of nitrogen or ammonia at 230° (10 mm), it had m. p. 37°.

Yield 56%, calculated on w, w'-dichloro-p-xylene.

SUMMARY

1. w, w'-Diamino-p-xylene was obtained from w, w' dichl through the
complex by a modification of Houben's method.

3. w, w'-Diacetamino-p-xylene and the salts of w, w*-diamino-p-xylene with malonic, succinic
and adipic acids were obtained and described for the first time. The corresponding polyamides were ob-
tained when the salts were heated,

w, w*-Diamino-p-xylene was soluble in water, alcohols, difficultly soluble in ether, insoluble in
acetone. Upon treatment with excess of acetic anhydride at room temperature, the diamine gave the diacetyl LITERATURE CITED
derivative with m, p, 225° (from alcohol — acicular crystals).

[1] F. Lustig, Ber., 28, 2092 (1895).

Found % C 65.71; H 17.61; N 12.36. CypHyeOpN;. Calculated %: C 65.42; H 17.32; N 12,72,

Mixing of 10% alcoholic solutions of w, w'-diamino-p-xylene and dicarboxylic acids (malonic, [2] Beilstein, XIII, 188,

succinic, adipic and sebacic) brought down white crystalline precipitates of the neutral salts, the melting [3] Sheiber, Chemistry and Technology of Synthetic Resins, State Chem, Press, 552 (1949); British
points of which are given in the table, Patent No, 506125; French Patent No, 824548; Chem. Zentr., II, 2207 (1938) ; Brit. Patent No, 461237;
Chem. Zentr,, II, 3841 (1937)

Acid Melting point of salts Melting polnt of polyamides [4] British Patent No. 506125.
|

Malonic 181-182° 108-110°

(with decomp.) [6] 1 Houben, Methods of Organic Chemistry, 1V, No, 1, Book 1, 2; Edition X, 479 (1949),

Succinic 228-230 189-192

Adipic 235-238 280-285

(with change of
color)

Sebacic 215-218 290-295

(with change of Received May 10, 1955 D. I Mendeleey Moscow Institute of Chemical Technology
color)

[5] U.S. Patent No, 213948; Chem. Zentr., I, 3995 (1939).

[7] A. Galat and G. Elion, J. Am. Chem. Soc., 61, 3586 (1939).

salt of w, «'-diamino-p-xylene with malonic acid,

Found%: C 54.75; H 7.0; N 119, CyHgN;O;. Calculated %: C 55,0 : H 6.66: N 11.66,
Salt of w, w'-diamino-p-xylene with succinic acid,

Found %: C 56.60; H 7.29; N 11,33. CyHyN;0,. Calculated %: C 56.69; H 7.09; N 11.03.
Salt of w, w'-diamino-p-xylene with adipic acid.

Found %: C 58.50; H 7.84; N 10.08, CyHpN;O;. Calculated%: C 59,57, H 7.8; N 9.93.
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SYNTHESIS OF 3-ARYL- AND 2, 3-DIARYLTHIAZOLIDINES

Yu. K. Yuryev and L.'S, German

Compounds of the thiazolidine series, devoid of functional groups, have shown comparatively little study
and are described in the researches dealing with the preparation of thiazolidine itself and of 2-substituted
thiazolidines, Thus, thiazolidi ide was obtained by the of i
hydrochloride with [1]. The 2- i ines were obtained by the condensation of
ethylenimine with certain carbonyl compounds in the presénce of hydrogen sulfide [2]. The condensation of
8 -aminoethyl mercaptan hydrochloride with aldehydes and ketones, studied by S. V. Tsukerman, also led to
obtaining 2-substituted thiazolidines [3].

In studying the reaction of ethylene sulfide with aromatic amines we obtained a number of N-(B -mer-
captoethyl) arylamines, In this paper we reacted some of them with formaldehyde and with benzaldehyde, and
obtained respectively 3-aryl- and 2, 3-diarylthiazoli

—N—Ar
IR
s
Ar = CgHy, #-CH,C,H,, n-CH,;0C,H; R =H, C/H,.

ArNHCH;CH,SH +RCHO —%

The formation of 3-aryl- and 2, 3-di idines from N-(B p proceeds
in a manner similar to the formation of the ines when N-(8 y

are condensed with aldehydes (4],

The sole reaction products obtained in the condensation of N-(8 -mercaptoethyl)-p-toluidine and N-
8 Gethyl)-p-anisidine with were respectively 3-(p-tolyl) thiazolidine and 3-(p-anisyl)

i . When N-(B- lyaniline, a compound with an aromatic ring devoid of para substitution,
was reacted with formaldehyde the 3-phenylthiazolidine that was formed here shiowed further condensation with
the excess formaldehyde present, as a result of which 4, 4'-di (3-thiazolidinyl)-diphenylmethane was obtained
as a reaction by-product:

2 r”{‘c“"u o0 T |

N/ Ns/ \s/

—H,0 AF{*QH&—CH:—C-H.—IT—l

4, 4°-Di(3-thiazolidinyl)diphenylmethane was obtained in 79 % yield when 3-phenylthiazolidine was
condensed with formaldehyde in the presence of hydrochloric acid. It should be mentioned that a similar
reaction also exists in the oxazolidine series: according to the data of K. D, Petrov and O, K. Gosteva the
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ceaction of 3-phienyluaazy formation of 4, 4'-di (3-oxazolidinyl)

diphenylmethane (5],
EXPERIMENTAL

3-Phenylthiazolidine, a) A mixture of 7.6 g (0.05 mole) N~(B -mercaptoethyl)-aniline and 25 ml
30% formalin (0,25 mole) were shaken for 1.5 hours on a rocker. The resulting crystalline precipitate was
separated off on a funnel, cooled with ice, and then it was washed with ice water and dried in a vacuum-
desiccator. Yield 8.2 g substance which melted at 25-96° and which upon fractional crystallization from
80% alcohol, yielded 4.2 g (51%) substance with m. p. 31-32° and 0.8 g (9%) substance with m, p, 134-137°
(with decomp.).

The crystals with m, p, 31-32° gave a positive reaction for nitrogen and sulfur and a negative
reaction for the mercapto group,were readily soluble in alcohol, ether, acids, insoluble in water,ard
were 3-phenylthiazolidine.

Found %: N 8,87, 8.83; S 19,36, 19,38 CoHyNs. Calculated %: N 849, S 19.45.

After 2 hours boiling with ic acid, 3-pheny gave no positive reaction for

mercapto group and resinified upon heating with concentrated caustic soda solution * .

The crystals with m, p, 134-137° (with decomp.) also gave a positive reaction for nitrogen and
sulfur, negative for mercapto group, were readily soluble in alcohol and in ether, insoluble in water
and were 4, 4'-di'-(3-thiazolidyl)-diphenylmethane,

Found %: N 8.45, 8.37; S 18.59, 18,65, CyoHpNyS,. Calculated %: N 8.17, § 18.72.

b) A mixture of 8 g (0.052 mole) N-(B -mercaptoethyl)-aniline, 25 ml 30% formalin (0.25 mole)
and 0.8 g (0.01 mole) sodium bicarbonate was shaken on a rocker until there was no further formation of
crystalline precipitate which was then further treated as described above, After recrystallization from 80%
alcohol, the substance had m, p. 31-31.5° and was 3-phenylthiazolidine. Yield 8.5 g (98%). A melting
test mixture with 3-phenylthiazolidine, obtained in the preceding experiment, gave no depression;

m, p. 31-32°,

4, 4'-Di-(3-thiazolidyl)-diphenylmethane, 20 ml 30% formalin (0.2 mole), and then 1.5 ml
hydrochloric acid (4 1.19) were added with vigorous stirring in the course of thirty minutes to a
solution of 5 g (0.03 mole) S-phenyllh)azolidme in 50 ml alcoholcontainedin a 3-necked flask
(100 m1) fitted with stitrer, reflux condenser and dropping funnel and the reaction mixture was then
heated for 4 hours on a boiling water bath,and after only 20 minutes, a white precipitate began to
separate out, After cooling and neutralization with sodium bi the precipitate was separated,
washed with water and dried in a desi . After recr from alcohol, the substance
had m, p. 133-136° (with decomp.) and was 4, 4'-di~(3-thiazolidyl)-diphenylmethane. Yield 4.1g (19%).

Found %: C 66.58, 66.55; H 6.41, 6.44; N 8.21, 8.30; S 18.59, 18,64, CyqtgslNySy.
Calculated %: C 66.63; H 6,47; N 8.17; S 18,72,

3-(p-Tolyl)-thiazolidine. A mixture of 4.2 g (0.025 mole) N~( B -mercaptoethyl)-p-toluidine and
20 m130% formalin (0.2 mole) was vigorously shaken for 15 minutes, The crystals which formed were

« In 1888 Forster ascribed the structure of 3-phenylthiazolidine to the reduction product of 3-phenylthiazolidone

but gave no constants for the compound obtained [6].
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separated and recrystallized from 80% alcohol, Yield 4.3 g (97%) substance which was 3-(p-tolyl)-
thiazolidine; m. p. 79-80°.

Found %: N 8.07, 8.02; S 17.79, 17.83. CyHyNS. Calculated %: N 7.81; S 17.88.

The product was readily soluble in alcohol, ether, acids; insoluble in water; resistant to acid and
alkaline hydrolysis in the course of 2 hours,

3-(p-Anisyl)-thiazolidine, A mixture of 4 g (0.022 mole) N~( 8 -mercaptoethyl)-p- anisidine and
20 m1'30% formalin (0.2 mole) was vigorously shaken for 15 minutes. After suitable treatment, the
crystalline precipitate yielded 4,1 g (95%) substance which was 3-(p-anisyl)-thiazolidine; m, p, 84-85°
(from 80% alcohol),

Found %: N 17,38, 7.47; S 16.33, 16.35. CyHONS. Calculated %: N T7.17; S 16,42,

The product was readily soluble in alcohol, ether, acids; insoluble in water; resisted acid and
alkaline hydrolysis in the course of 2 hours,

2, 3-Diphenylthiazolidine. A mixture of 6 g (0.039 mole) N-( B -mercaptoethyl)-aniline in 15 m1
alcohol and 26.5 g (0.25 mole) benzaldehyde was set aside for 48 hours until it gave no further reaction for
the mercapto group, The reaction mixture was diluted with 15 mi water and cooled with and ice-salt
mixture, The crystals which came down were separated, washed with cold alcohol and then with water,
Yield 6.4 g (69%) substance which was 2, 3-diphenylthiazolidine; m. p. 86°.

Found %: N 6,00, 5.97; S 13.21, 13,22, CyHgNS, Calculated %: N 5.80; S 13,29,

The product was readily soluble in ether, acids; difficultly soluble ~in alcohol; insoluble in
water, It was hydrolyzed with concentrated hydrochloric acid upon 30 minutes of heating (positive
reaction of hydrolyzate for mercapto group).

2-Phenyl-3-(p-tolyl)-thiazolidine, From 4.3 g (0.026 mole) N-(B -mercaptoethyl)-p-toluidine in
15 m1alcohol and 21.2 g (0.2 mole) benzaldehyde, after the mixture had stood 48 hours, we obtained
5.1 g (17%) 2-phenyl-3-(p-tolyl)-thiazolidine; m. p. 86°. *
Found %: N 5.80, 5.68; S 1248, 12.53. CyHyNS. Calculated%: N 548; S 12.56.
The product was readily soluble in ether, acids; difficultly — in alcohol; insoluble in water, It
with hydrochloric acid upon heating for thirty minutes,

2-Phenyl -3-(p-anisyl) -thiazolidine, From 5 g (0.027 mole) N-( 8 -mercaptoethyl)-p-anisidine
in 15 ml alcohol and 21.2 g (0.2 mole) benzaldehyde, after the mixture had stood 48 hours, we obtained
5.6 g ( 80%) 2-phenyi-3-(p-anisyl)-thiazolidine; m. p. 87°.

Found %: N 548, 5.34; S 11.77, 1178, CygH,;ONS. Calculated %: N 5.16; S 11.82.

The product was readily soluble in ether, acids; difficultly soluble in alcohol; insoluble in water.
It was hydrolyzed upon heating for thirty minutes with concentrated hydrochloric acid,

* A melting test mixture with 2, 3-diphenylthiazolidine gave a melting point depression,
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1. The ion of N-(B ines with formaldehyde and with

gave the previously unknown 3-phenyl-, 3- (p-tclyl)- 3-(p-anisyl)-, 2, 3-diphenyl-, 2-phenyl-3-
(p-tolyl)- and 2-phenyl-3 »(p-anisymhmzondms

2. The ion of {azolidine with formaldehyde gave the previously unknown
4, 4'-di (3-thiazolidinyl) dlphenylmﬂhane

CATALYTIC TRANSFORMATIONS OF HETEROCYCLIC COMPOUNDS

LITERATURE CITED XLVIII, PREPARATION OF 3-ISOAMYL-, 3-HEXYL- AND

[1] S. Ratner and H, Clarke, J, Am, Chem. Soc., 59, 200 (1937). 3-p-TOLYLTETRAHYDROTHIOPHENES FROM
[2] H. Bestian, Ann., 566, 224 (1950). THE CORRESPONDING FURANIDINES

[3] S. V. Tsukerman, Trans, Institute of Chemistry, State Univ, Chem., §, 43 (1951);
Ukraine Chem. J., 19, 169, 523 (1953). ‘ .
[4) Yu. K. Yuryev, L. F. Gorin and A. N. Vysokosov, J. Gen, Chem., 24, 1851 (1954) (T. p. 1815) *. Yu. K. Yuryev, E. M. Lukina, Yu. M. Polikarpov and V. P. Volkov

[5] K. D. Petrov and O, K. Gosteva, J. Gen, Chem., 23, 1940 (1953) (T. p. 2055)* .

(6] F. Foerster, Ber,, 21, 1871 (1888).
In one of our previous papers we had shown that the reaction of 3-furanidone (3-tetrahydrofuranone) with
organomagnesium compounds can serve as a general method for the synthesis of 3-alkyl- and 3-arylfuranidines
[1]. When we reacted the thus obtained ine and 3-pl with hydrogen slfice in
the presence of aluminum oxide at 350° we effected their respecti ion into 3
) tversti (6% yleld) and 3-phenyltetrzhydrothiophene (58% yield) [2]. In the last case, in contrast to the earlier de-
Received March 17, 1955 Moscow State Universtly scribed similar prision y[ 3, amounts of 2-phenyl-2-butene were ob-
tained as a reaction by -product, which was due to the influence of the phenyl radical, attached to the B-carbon
atom of the furanidine ring,

In the present study we used in the synthesis of 3-i

. o and 3-p-tolyl- furanidine. * When these compounds were reacted with hydrogen sulfide, under conditions used
* T.p. = C.B. Translation pagination. for the catalytic on of ining into cycles with other heteroatoms, we
obtained 3-isoamyl-, 3-n-hexyl- and 3-p i i

+HS
L /‘ TALO L I(R—»;u =CygHyy, n -CgHygy p -CH3CgHy).
O

A mixture of isomeric 2-p -tolylbutenes appeaxed as the by-) pmducl in (he catalytic transformation of
3-p-tolylfuranidine, As in the case for the of 3 into
{21, the formation of these secondary reaction products is associated with the partial simultancous cleavage of
water and hydrogen sulfide from the intermediately arising diprimary 1, 4 -mercaptohydroxy compound (1-
2-p-tolyl4 iol), with hydrogen addition to the resulting 2-p -tolyl-1, 3-butadiene

at the 1, 2-and the 1, 4-positions:

* It should be emphasized that the 3-hydroxy-3-alkylfuranidines formed in the first stage of the synthesis are
dehydrated with greater difficulty than are the 3-hydroxy-3-ar , in which ion the dehyd:
proceeds with better yields under the influence of p -toluenesulfonic acid than under the influence of iodine .
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————CiH(CHy 45 [HaC————CH—CH,CHy| _,
I pod ’ T
o’
_n,0; —t1,s HC—C—C¢H,CHy H,C—C—CH,CHy  HC=C—CgH,CH;

s 0 A and
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EXPERIMENTAL

1. Synthesis of 3-hydroxy-3-alkyl- and 3-hydroxy -3 -arylfuranidines was by the method described in the
previous paper [1].

3-Hydroxy-3 idine. From 7.8 g 49,1 g isoamyl bromide and 28 g 3-furanidone
in 300 ml ether we obtained 23.2 g (46.0 %) 3-hydroxy-3-isoamylfuranidine. Colorless liquid; readily soluble
in alcohol, ether, sparingly soluble in water.

B. p. 86-87° (3 mm), 105-105.5°(10 mm), n% 14549, d’ 0.9626, MRp 44.60, Calc. 44.73.
Found %: C 68,12; H 1138, CgHy;s0. Calculated %: C 68,31 H 1147,

3-Hyd idine, From 7.05 g 48 g n-hexyl bromide and 25 g 3-furanidone
in 300 ml ether we obtained 24,8 g (49,5%) 3-hydroxy-3 -n-tiexylfiitanidine,

B. p. 102-103° (3 mm), 99-99.5° (2 mm), n[’;’ 1.4570, df° 0.9556, MRp 49.10, Calc, 49.35.
Found %: C 69,55, 69.69; H 11.75, 11.86. CyoiggQ;. Calculated %: C 69.72; H 11.70,

3-Hydroxy-3-p idine, From 8.1g ium, 56.4 g p and 28.4 g 3
in 300 mL ether we obrained 29.7 (50%) 3-hydroxy-3-p-tolylfuranidine.

B.p. 123-123.5° (3 mm), n ¥ 15492, d® 1.1230, MRp 50.51. CyyHyOpfy. Calc. 50.36.
Found %: C 713.55, 73.62; H 8.14, 8.04, CyHyO,. Calculated%: C 14.07 H 7.91.

11, Dehydration of 3-hydroxy-3-alkyl- and 3-hydroxy-3 -arylfuranidi

3-Isoamyldihydrofuran. 23 g 3-hydroxy-3 was with 0.05 g p-tol Ifonic
acid upon slow distillation from a flask with a small (racuonal column, Disti llation of the dried distillate yielded

7 g product of dehydration and 13.2 hyd , which was again dehydrated in
the above manner, Total yield 14.5 g (T1%) of 3-isamyldihydrofuran, Dehydration with fodine did not yield
above 60%.

B.p. 61.5-62.5° (10 mm), nJ 14522, df® 0.8911, MRp 42,21, CoHyOF, Calc, 42.74.

3-n-Hexyldi % g 3-hyd idine and 0,1 g acid were heated
in a flask fitted with fractional column, Slow distillation of the dehydration product followed by a repeated
distillation yielded 16 g (79%) 3-n-hexyldihydrofuran,

B.p. 86-87°(10 mm), n¥ 14545, d¥ 0.8753, MRy 4771, CyHyOF. Cale. 47.36.

3-p-Tolyldihydrofuran, 26.5 g 3-hydroxy-3-p-tolylfuranidine and 0,25 g iodine were heated 1.5 hours on
an oil bath at 210-220°. The reaction mixture was dissolved in ether, the ethereal solution was washed with 10 ml
10% soda solution, water and dried. After the ether was driven off, the residue was vacuum-distilled. Yield 21.3 g
(89%) 3-p-tolyldihydrofuran in the form of colorless flaky crystals, deliquescent upon standing in air,

B.p. 102-105° (3 mm), m. p. (from anhydrous alcohol) 65-66°.

i, Catalytic hydrogenation of 3-alkyl- and 3-aryldihydrofurans - was carried out in anhydrous alcohol in
the presence of platinum oxide [4] in the cold with shaking.
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3 ine. 14 g 3-i was in 30 ml anhydrous alcohol,
2020 ml (NTP) hydrogen was absorbed (calculated 2240 ml), The hydrogenation product was treated
upon cooling with a solution of bromine in chloroform until the appearance of a persistant yellow colora-
tion and set-aside overnight, After being driven off from the bromides and vacuum-distillation over sodium
we obtained 9,1 g (65%) 3 -isoamylfuranidine,

B. p. 74.5-75° (20 mm), n|’; 1.4350, df’ 0.8609. MRy 43.11, Cale. 43.20,
Found %: C 17556, 75.6T; H 12.69, 12.54. CgHy,O. Calculated %: C 15.92; H 12.74,

-n-k i 15853 was in 40 m1 anhydrous alcohol,
2260 ml (NTP) hydzogen was absorbed (calculated 2300 ml), After suitable treatment and distillation of
the hydrogenation product over sodium we obtained 10,7 g (68%) 3-n-hexylfuranidine,

B, p. 83.5-84,5° (10 mm), nf 14428, df’ 0.8647, MR 4789, Calc. 47.82,
Found %: C 76.33, 76.50; H 12.59, 12.67. CyHy0. Calculated%: C 76.79; H 12.88.

p-T idine. 19.2g 3 was in 50 m1 anhydrous alcohol.
2820 ml (NTP) hydrogen was absorbed (calculated 2700 ml). After suitable treatment of the hydrogenation
product azd distillation over sodium, we obtained 13,1 g (67.5%) 3-p-tolylfuranidine,

B, p. 95-95.5° (4 mm), nf 1.5312, d® 1.0156, MRp 49.43. CyH,OF;. Calc. 48.84,

Fourd %: C 81.26, 81.11; H 8.82, 8.83. Cy,HyO. Calculated %: C 81.44; H 8,70.

1V, Conversion of 3-alkyl- and 3-ar i to ing 3-alkyl- and

ophenes was accomplished as described in the previous paper [2], by the action of hydrogen sulfide in
the presence of aluminum oxide at 350°,

3-Isoamyltetrahydrothiophene, From 12.1g 3-isoamylfuranidine we obtained 8.1 g (60%)
3-isoamylretrahydrothiophene,

%, p. 87-88° (10 mm), nf 14868, df° 0.9196, MRy 49.49, Calc. 49.63.

Found %: § 20.46. CgHyS. Calculated %: S 20.26, M. p. of compound with HgCly (from
alcohol) 104.5-105.

Found %: Hg 46.80, 46.59, CgHSClHg. Calculated %: Hg 46.68.

Hexylter ne. From 14.8g
rahydrothiophene,

we obtained 9.6 g (57%)

B.p. 121-122°(16 mm), nd 14870, 4’ 0.9170, MRp 5405, Calc, 54.25.

Found %: § 1858, CyHyS. Calculated%: S 18.61. M. p. of compound with HgCl, (from
alcohol) 98-99°,

Found %: Hg 45,22, 45.29, CyoHySCleHg. Calculated %: Hg 45.20.

3-p-Tolyltetrahydrothiophene. From 12.0 g 3-p-tolylfuranidine we obtained 6.7 g (51%)
3 p-tolyltetrahydrothicphene,

p. 127.5-128.5° (4 mm), npy 1.5847, 40 10645, MRy 55.98. CyHySFy. Cale. 55.21.

Fourd %: § 17.84, CyHyS. Calculated %: S 17.99. M. p. of compound with HgCl, (from
alcohol) 128,5-129°,

Fourd %: Hg 44.65, 44.70. CyH,SCLHg. Calculated %: Hg 44.59,
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Misriliarion of 1@ convefiion prodiiét yielded 2.2 g of I6wer-boiling fraction which decolorized bromine
water and potassium permanganate solution and contained no sulfur, A repeated distillation of this fraction
yielded:

a) 14 g substance: b, p, 80-84° (12 mm), nfy 1.5288, df° 0.8938, MRp 50.46. CyHuFy
Calc, 48,93,

Found %: C 90.04, 89.89; H 9,73, 9,84, CyHy. Calculated %: C 90.35; H 9.65.

b) 0.5 g substance: b, p, 93-98° (12 mm), nf 1.5386, df’ 0.8094, MRp 50.92. CpyHufa
Calc. 48.93.

Found %: C 89,93, 89.86; H 9,31, 9,32, CyHy. Calculated %: C 90.35; H 0.65.

The analytical data, constants and properties of the isolated hydrocarbons indicate that the side product
of the ion of 3-p idine to 3-p- i is a mixture of 2-p-tolyl-1-butene
(fraction withb. p. 80 -84° at 12 mm) and 2-p-tolyl-2-butene (fraction withb, p, 93-98° at 12 mm) with
2-p-tolyl-1-butene predominating,

Literature data for 2-p-tolyl-1-butene give: b, p. 206-209°, np  1.52735, df' 0.8926 [5).

Literature data for 2-p-tolyl-2-butenegive: b, p. 93.5-94° (10 mm) [6].

2-p- Tolyl-3-butene is not described in the literature; its presence in the hydrocarbon mixture is doubt -
ful since in contact with aluminum oxide at high it undergoes isomerization with transposition
of the double bond to the aromatic ring [7], i.e., with formation of a hydrocarbon of the styrene type —
2-p-tolyl-2-butene.

SUMMARY

1. The previously unknown 3-i i 3-n-hexyl-furanidine and 3-p idine were
obtained by the general method developed by us, namely the reaction of 3-furanidone with organomagnesium
compounds, followed by dehydration of the thus obtained tertiary alcohols, and finally catalytic hydrogenation
of the dehydration products,

2. 3 ioph 3 i and phene were

p
obtained by us for the first time by the catalytic transformation of 3-isoamyl-, 3-n-hexyl- and 3-p-tolylfuranidire,

respectively,
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SYNTHESES WITH ACRYLONITRILE
XXV, CYANOETHYLATION OF INDOLE

A. P, Terentyev, A. N. Kost and V. A. Smit

8 -Indolyl-B -propionic acid has been described in the literature as a root-formation stimulant [11, The
methods for its preparation through phenylhy ate very i @

Proceeding from indole, this acid can be obtained by the action of either diazosuccinic ester [3] or of
propiolactone [4]. According to patent data, 8 -indolyl-B -propionitrile can be obtained in good yield by
reacting indole with acrylonitrile [5, 6], which is then easily saponified to the corresponding acid [7]. In the
patent of Reppe and Ufer [5] it is indicated that the reaction of indole with acrylonitrile under the influence
of either acidic or alkaline agents yields 8 -indolyi-8 -propionitrile. The addition of copper salts fafls to
influence the directio of the reaction in alkaline medium, but in acetic acid medium the 8 -isomer is formed
exclusively. The reaction proceeds in similar manner with a-methylindole, but a-phenylindole, even with-
out the addition of copper salts, shows cyanoethylation in the B-position, In addition, data show[6] that in
alkaline medium also the addition of copper salts partially facilitates 8 4somer formation.

Reppe's data are only partially supported by our experiments, In acid media (without the addition of
copper salts) the N -cyanoethylation products of indole were not found, Reppe indicates that o-methylindole
in the presence of monochloroacetic acid, without the addition of copper salts, is cyanoethylated on the nitrogen
and when saponified yields N-(ct-methylindolyl)- B -propionic acid with m, p, 135°, Actually, this substance
proved to be the B -isomer, which we showed by cyancethylation of the B -isomer [7] and conversion of the
1, B( i -di- B -propionic acid into B -( i )- B -propionic acid, It is possible
to assume that the error made by Reppe is associated with the fact that copper parts were present in his apparatus,
In ampoule without copper traces the reaction fails to proceed; with the introduction of copper foil the B 4somer
:¢ formed,

The cyanoethylation of indole under the Reppe conditions (16 hours, 130 -140%) gave us 8-indolyl-B -
propionitrile in up to 50% yield. If the reaction is run in benzene medium, introducing 4 moles of acrylonitrile
for i mole of indole, the yield reaches 81%, It is interesting to mention that the yield depends in considerable
measuze on the {ndole purity ard the apparatus material (the yields are lower in glass ampoules than in an auto-
Clave), Without boric acid (i.e., with copper acetate) the yield drops to 44%, while without acetic acid the
8 -indolyl - -propionitrile is obtained only in small amounts, Here it is possible to assume that acetic acid
increases the solubility of copper borate and in that way hastens the process. Actually, if copper acetylacetonate
is introduced instead of copper borate, or even beter, either copper salicylalimine or copper salicylalanyl,
then even without the addition of either acetic or boric acid the yields obtained are as high as 60%. The
addition of boric acid in this case lowers the yield; if acetic acid is added the yield reaches 80%,

To elucidate the reaction ism it could be that the fi f d N -indolyl-8 -pro-
pionitrile (urder the influence of temperature and catalysts) suffers rearrangement in the B -position, either
directly or through the intermediate formation of the N, B itrile, However, under these conditions the
N-indolyl-B -propionitrile fails to show conversion into the 8 -isomer and is not cyanoethylated in the 8-
position. N-Methylindole also fails to react with acrylonitrile under these conditions,
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The assumption of previous indole acylation on the nitrogen (which determiues e change in ortenta-
tion) is also removed by the cyanoethylation experiments without the addition of acids (witir cupper
cylalimines).

As a result, the cyanoethylation evidently proceeds directly at the B -position (possibly, with pre-
liminary isomerization into the indolenine form). .

EXPERIMENTAL

Perfumery indole, distilled and then distilled, was used; acrylonitrile — stabilized with

hydroquinone.

8 -Indolyl-B -propionitrile. A mixture of 11.7 g indole, 21.2 g acrylonitrile, 10 ml benzene, 0.3 g
glacial acetic acid, 0.2 g copper acetate and 0.07 g boric acid was heated in a steel autoclave (%0 m1) for
6 hours at an oil bath temperature of 180-190°, After cooling, the autoclave was opened, the red solution
with a small quantity of brown precipitate was transferred to a Claisen flask and the autoclave was carefully
washed with benzene. After driving off the solvent, the residue was vacuum-distilled in a stream of nitrogen.
Yield 2.5 g of fraction which boiled up to 190° at 3 mm (mostly indole) and 13.8g (81%) B -indolyl-B -
propionitrile with b, p, 190-210° at 3 mm and m, p. 62°. After crystallization from benzene it had m. p.
67-68°. The literature data give: 63-64°[5), 67-68° [8]. When the temperature was raised to 210-220°, the
yield was reduced 10-12%, When 2 moles acrylonitrile was used, the yield was 73%, In an ampoule the yield
did not exceed 60%, Increase of the amount of acetic acid decreased the yield,

A mixture of 17 g 8 -indolyl-B -propionitrile with 80 ml 25% caustic soda solution was boiled for 2
hours. Upon cooling, crystals of the potassium salt of 8 -indolyl-8 -propionic acid came down, The salt
was dissolved upon adding the required quantity of water and after filtration of the solution, B-indolyl-8 -
propionic acid was brought down in the form of white crystals by acidification of the solution with hydrochloric

acid (1: 3). After drying in a desiccator over calcium chloride, it weighed 17 g (90%), m. p. 133°, Litera-
ture data give: m. p. 132° [5], 133-134° [8].

c ion of indole in the presence of organic copper complexes. A mixture of 11,7 g indole,
21.2 g acrylonitrile, 10 ml benzene, 0.3 g copper salicylalanyl and 0.3 g acetic acid was heated for 6 hours
in an autoclave (90 ml) at 180-190°, After the usual treatment, we obtained 2.4 g indole and 13.6 g (80%)
8 -indoly1-g -propionitrile,

Addition of cuprous chloride, copper foil or cuprous oxide only slightly catalyzed the reaction (yields
of 10-17 %), Nickel formate, nickel dimethylglyoximate and cobalt salicylalanyl did not catalyze the
reaction. Without acid additions with copper salicylalanyl the yield was 52%, with copper salicylalimine —
56%, with copper acetylacetonate —38%, Additions of boric acid in the last case reducted the yield to 15%,

B -(ct-Methylindolyl) - B -propionitrile. A mixture of 9,1g c-methylindole, 7.4 g acrylonitrile,

10 m1 benzene, 0.2 g glacial acetic acid, 0.05 g boric acid and 0.15 g copper acetate was heated in a steel
autoclave (90 ml) for 6 hours at oil bath temperature of 180-1%0°, The treatment and separation of the
reaction product were the same as in the preceding i Yield: 0.8 g i b. p.
120-135° at 3 mm and 10.3 g (81%) B -( a-methylindolyl) -8 -propionitrile with b, p. 203-209° at 2 mm and
m. p. 12°. After 3 crystallizations from aqueous methanol, it had m. p. 79,5° .

Found %: C 78.36, 78.75; H 6.46, 6.64. CyHyNy. Calculated %: C 78.26; H 6.52.

A mixture of 3.7 g B -(ct-methylindolyly-B -propionitrile and 25 ml 10% caustic soda solution was
boiled for 3 hours. After filtration, cooling and acidification, we obtained 3 g B -(ct-methylindolyl) -5 -
propionic acid, After recrystallization from water it had m, p. 138° (it was unchanged by a repeated recry-
stallization), Literature data give: m, p, 138° [9),
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Cleavage of N, B-(c- methyli p acid. Steam, sup 10 300°, was passed
in the course of 1 hour into a solution of 2.8 g N, B ~(ct- methylindolidene)-di-B -propionic acid [7] in 10 ml
50% caustic soda solution, The residue in the distilling flask_was dissolved in water, filtered and acidified

with 10% hydrochloric acid, The B -(c-methylindolyl)- 8 -propionic acid which came down was separated

and dried in a desiccator over calcium chloride. Yield 1,6 g (80%) acid with m, p, 138°, The literature

data give: m. p. 138" [9]. It gave no melting point depression with the acid prepared from 8 ~(o-methylindolyl)
-B -propionitrile [7],

SUMMARY

 The conditions for the fon of indole and of inthe B -position were in-
vestigated, It was found that copper borate, proposed by Reppe as a catalyst, can be replaced by organic
copper complexes, Reaction in this case then proceeds even in the absence of acids,
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QUINONES

VIL SYNTHESIS OF SOME QUINONES OF THE DIHYDRO- AND
TETRAHYDRONAPHTHALENE SERIES BY OXIDATION OF THE
CORRESPONDING HYDROQUINONES WITH
POTASSIUM BROMATE

A. N, Grinev, A, B. Terentyev and A, P. Terentyev

In our previous paper [1] we communicated that potassium bromate in acid medium is a very convenient
reagent for the oxidation of hal ituted to the quinones, In the present study
we obtained some quite difficultly available quinones of the dihydro- and tetrahydronaphthalene series in
nearly quantitative yields by this method. According to the data of other authors [2, 3], these quinones are
obtained in considerably lower yields by the oxidation of hydroquinones with ferric chloride,

The oxidation of hydroquinones with potassium bromate gave us: 5, 8-dihydro-1, 4 -naphthoquinone (1),
2-methyl-5, 8-dihydro-1, 4-naphthoquinone (II), 5, 6, 7, 8-tetrahydro-1, 4 -naphthoquinone (II1) and 5, 8 -endo-
ethylene-5, 8-dihydro-1, 4 -naphthoquinone (IV):

o

SN VSN SO |
0y 0" ) &

o (L] qm aw

The oxidation of hydroquinones to quinones was run in aqueous dioxane solutions, since difficultly water-
soluble quinhydrones are formed in the reaction process, Reaction is both rapid (3-5 minutes) and smooth,
The quinones immediately separate from the reaction mixture as well-formed crystals with sharp and constant
melting points, and do not require purification,

EXPERIMENTAL

5, 8-Dihydro-1, 4-naphthoquinone (1), 4 g 5, 8-dinydro-1, 4-naphthohydroquinone (m. p. 212°), prepared
by the Diels-Alder method [2], was dissolved in 40 ml dioxane with heating, 2 g potassium bromate in 20 ml
hot water and 2 ml 1 N sulfuric acid (in place of dioxane acetic acid may be used without addition of sulfuric
acid) were added to the above solution, The reaction mixture was heated to 60° while stirring; at first a dark
red coloration appeared which turned light yellow, Upon cooling, crystals of quinone came down and vere
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when it was diluted with water,

A further quantity of quinone precipitated from the mother liquor
separated, further qu: y of q precip! o e dark

Since the substance quite readily altered in a moist state and in light, it was necessary to dry it i
{n a vacuum-desiccator over phosphoric anhydride, Yield 3,8 g quinone; m. p. 109", which corresponded
to the literature data [2]. The quinone was readily soluble in ether, benzene, alcohol and in dioxane. In
ethereal and benzene solutions the quinone readily darkened; it stored well upon cooling with ice under water,

2 -Methyl-5, 8-dihydro-1, 4 -naphthoquinone (IT) was prepared by addition of divinyl to toluquinone and
{somerization of the initially formed adduct [4]. The prepared hydroquinone (m. p. 168°) was treated as before,
For the we took i inone 1 g, potassium bromate 0.5 g, dioxane 10 ml,
water 5 ml, 1N sulfuric acid 1 ml, Yield 0.9 g quinone — light-yellow crystals with m. p. 86° (literature

data give m, p, 85-86°), darkened upon storage.
5, 6, 7, 8-Tetrahydro-1, 4-naphthoquinone (IIl). The initial 5, 6, 7, 8-tetrahydro-1, 4 -naphthohydro-
quinone (m, p. 185°) was prepared by the Diels-Alder method [2]. Taken for experiment: 1 g hydroquinone,
0.5 g potassium bromate, 9 m1 dioxane, 5 ml water, 0.7 ml 1 N sulfuric acid, The reaction and isolation of
the product were performed as before, Yield 0.9 g quinone with m. p, 54° (literature data: m. p. 55.5° [2]).

5 -5, 8-dihydro-1, 4 (IV) was prepared by isomerization of the adduct
formed by addition of cyclohexadiene to p-benzoquinone [2]. M. p. of hydroquinone 178°, For the experi-
ment we took 1 g hydroquinone, 0.5 g potassium bromate, 0.8 ml 1 N sulfuric acid, 10 ml dioxane, 6 ml water.
Yield 0.87 g quinone, M. p. 99° (literature data: m. p. 99°).

SUMMARY

Oxidation of hydroquinones in the dihydro- and tetrahydronaphthalene series with potassium bromate
gave: 5, 8-dihydro-1, 4-naphthoquinone, 2-methyl-, 8-dihydro-1, 4-naphthoquinone, 5, 6, 7, 8-tetrahydro-
1,4 and 5, , 8-dihydro-1, 4-naphthoquinone,
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QUINONES

VI, CONDENSATION OF CHLORO- AND 2, 3-DICHLORO-p-BENZOQUINONE WITH
ACETOACETIC AND BENZOYLACETIC ESTERS

A. N, Grinev, Pan Bon-Khvar, V. N, Frosin and A. P, Terentyev

As was shown in our m2Lp i and inone con-
dense with acetoacetic and benzoylacetic esters, giving i and derivatives.
In studying the synthesis and properties of hal i pd i 3], we g

here the of chls and of 2, 3-dichl P with the same ketoesters,
The reaction was run by the earlier developed method in alcohol and in the presence of zinc chloride, For the
chloroquinone the reaction proceeded in an excess of the ketoester for the most part by the general scheme:

Cl1
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The structure of the diethyl ester of 4 -chloro-2, 6-dimethyl-benzo (1, 2-b; 4, 5-b") difuran-3, 7-di-
carboxylic acid (1) was shown by its conversion under chlorination into the diethyl ester of 4, 8-dichloro-2, 6-
dimethylbenzo (1, 2-b; 4, 5-b") difuran-3, 7-dicarboxylic acid (1I), obtained by a different method [4].
Saponification of the diethyl ester of 4-chloro-2, 6-dimethylbenzo (1, 2-by 4, 5-b') difuran-3, 7-dicarboxylic
acid gave the free acid (III):
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The reaction of the 2, ich] qui with either
be expected, leads only to the benzofuran derivative:

CH—COOC,H; | __,
o’y =0
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OH
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R

As the result of the 2, 3-dichloro-p inone with ester we obtained the ethyl
ester of 6, 7-dich Py hyl ic acid (IV), The structure of this benzo-
furan derlvative was shown by its conersion into the known [4] ethyl ester of 4, 6, T-trichloro-2-methyl -5 -
nydroxybenzofutan-3- carboxylic acid (V). The ester (IV) was saponified with alcoholic caustic to 6, 7-

hl 1-5 ic acid (V1)
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The reaction of the 2, 3-dichloroquinone with benzoylacetic ester leads to the ethyl ester of 6, 7-di-
2-phenyl-5 acid (VII). ion of the ester gave the 6, 7-

pl
-phenyl ic acid (VII):

HO.
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EXPERIMENTAL

1) C of i with ic ester, Ina 3-necked flask fitted with reflux
condenser and mechanical stirrer, upon heating, was dissolved 28 g zinc chloride in 28 g anhydrous
alcohol, Into the resulting solution was rup 39 g acetoacetic ester and ar 80-90° in the coutse of 8-10
mirutes was added 15 g chloroquinone in portiorns, The contents of the flask were heated about 30
minutes at 86°, After cooling the reaction mass, crystals formed and were separated, washed with a
small amount of ether and dried. Yield 8,2 g. The crystals were recrystallized from alcohol, White
crystals were obtained of the diethyl ester of 4-chloro-2, 6-dimethylbenzo-(1, 2-b: 4, 5-b*)-difuran-
3, 7-dicarboxylic acid (I). M. p, 164-165°. The ester was soluble in acetore, alcoho!, dioxane;
difficultly soluble in ether,

C 5903, 59.07; H 5.07, 5.25. Cyll:04C1, Calculated %: C 59.27; H 4,70,

a) Chlorination of the diethyl ester of 4-chloro 2, 6-dimethylbenzo (1, 2-b: 4, 5-b")- difuran-

carboxylic acid, 2 g of ester (1) was dissolved 1 acetic acid and info the resulting solution was
passed chlotine at room temperature for 1 hour and 20 minutes. The reaction solution was heated with
an excess of zinc dust and diluted with water, The nysmu which came down were recrystallized twice
fzom acetic acid, Yield 0.5 g of the diethyl ester of 4, 8-dichloro-2, 6-dimethylbenzo<1, 2-b; 4, 5-b')-
difuran-3, 7-dicarboxylic acid (II). M. p. 175° of the ester corresponded to the literature data (4],

b) Hydrolysis of the diethyl ester of 4-chloro 2, 6-dimett (1, 2-b; 4, 5-b")-difuran-3, 7-di -
carboxylic acid, 4.2 g of ester (II) was added to a solution of 28 g caustic soda in 50 ml alcohol and the
rezulting suspension was heated 30 minutes on a water bath, The alcoholic solution of the acid salt was
diluted with water, filtered and acidified with hydrochloric acid (Congo). The crystals of 4-chloro-2, 6-
dimethylbenzo-(1, 2-b; 4, 5-b)-difuran-3, 7-dicarboxylic acid (II1) that formed were recrystallized
¢-om acet’c acid. M. p, of the acid above 240° (with decomp.).

Fourd %: C 54,06, 53.89; H 3.40, 3.31; Equiv, 308.8, CyHyO,Cl. Calculated %o: C 54.45;
Y 2.94; Equiv. 308,68,

2. Condensation of 2, 3-dichloroquinone with acetoacetic ester, The reaction was carried out as
before. For reaction we took 2, 3-dichloroquinone b g, acetoacetic ester 18 g, zinc chloride 3.8 g and
avhydrous erhyl alcchol 5 ml, Yield 2.9 g ethyl ester of 6, 7-dichlero-2-methyl -5 -hydroxybenzofuran-3 -
carboxylic acid (1V), The ester was in the form of white crystals, m. p. 202.5° (from alcohol). Readily
sotuble in dichloroethane, dioxane, less —in alcohol and in ether.

: C 49.85, 49.90; H 3.70, 8,77, CyuHyOCly. Calculated %o: C 49.84; H 3.48.

a) Chlorination of the ethy] ester of 6, 7-dichloro-2-methyl -3-carboxylic acid,
1 g of ester (V) was dissolved in acetic acid and into this solution was passed chlorine for 1 hour and 20
minures at ro m temperature; the solution was diluted with water; the crystals which formed were recry-
stallized twice from acetic acid, Crystals of the ethyl ester of 4, 6, 7-trichloro-2-methyl-5 -hydroxybenzo-
furar. -3 -carboxylic acid (V) were separated, m. p. 138°, which corresponded to the literature data 4],

b) Hydrolysis of the ethyl ester of 6, 7-dichl hyl- ic acid,
Hydrolysis was cartied out as before, For the experiment was taken 1.3 g of ester (IV), 1.5 g caustic soda,
18 m1 alcohol, The acid was recrystallized from 50% acetic acid. The m. p. of 6, 7-dichloro-2-methyl-5-
hyd:.xybenzofuran-3-carboxylic acid (V1) was above 275° (with decomp.). The acid was sparingly soluble
in alcohol, ether, soluble in acetic acid.

Found %: C 46.13, 45.98, H 2.47, 2.66. CyHO,Cly. Calculated%: C 45.99, H 2.31.

3, Condensation of 2, 3 with benzoyl acetate. The reaction was carried out as
befure, For the experiment was taken 6 g 2, 3-dichloroquinone, 7 g benzoyl acetate, 4,75 g zinc chloride
ard 6 ml ethyl alcohol, 5.35 g white crystals was separated from the mother liquor and had m, p, 185-186°
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s witl 165-166° (after two-fold
(from alcohol), From the mother liquor was isolated 3.8 g crystais with m, p, 185-188 \..“.r. two-f
reciystallization from alcohol), The cbiained ethy of 6, 7-dichioro-2-phenyl-5-hydroxybenzo-

furan-3-carboxylic acid (VII) was difficultly soluble in ether, alcohol, readily soluble in

dichloroethane.

Found %: C 57.99, 57.86; H 3.65, 3.76. CyHpOCly. Calculated %: C 58.15; H 3.45.

a) Hydrolysis of the ethyl ester of 6, 7-dichl phenyl-5-hydr 3
acid, Hydrolysis was carried out under the conditions of the preceding experiments. For th
‘ment was taken 2.3 g of ester (VII), 20 ml alcohol and 1,6 g caustic soda. Yield 1,94 g acid (VIIl) REACTION OF HYDRAZINE DERIVATIVES
with m. p. 207° (with decomp.). The acid was difficultly soluble in alcohol, acetone, soluble in
acetic acid.

Found %: C 56,07, 56.12; H 2.35, 2.28. CyHyOCl,. Calculated %: C 55.78; H 2.49.

e experi-

1l SYNTHESIS OF 1, 2, 3, 4, 5, 6, 7, 8 OCTAHYDROCARBA ZOLE

SUMMARY A. N, Kost and I. I. Grandberg

Condensation of chl i and 2, 3-dichl p-qui with
esters gave i of the class of and

In 1910 Piloty [1] found that diethyl ketone azine with excess anhydrous zinc chloride at 230° is con-
verted into o, a'-diethyl- 8, B*-dimethylpyrrole (25% yield). On heating desoxybenzoin azine at 186" in
a hydrogen chloride stream G. Robinson and R, Robinson obtained tetraphenylpyrrole in 88% yield, On attempting
to apply the Piloty method to cyclohexanone azine they isolated a compound having the composition
CiaHggNp - HC1+ ZnCly, which when heated failed to show conversion into octahydrocarbazole [2]. Perkin [3]
[2] A.N. Grinev, V. N, Frosin and A, P, Terentyev, J. Gen. Chem., 25, 523 (1955) (T. p. 491)*. was able to achieve this synthesis (28% yield) by passing hydrogen chloride into a bofling mixture of cyclo-
hexanone azine and tetralin, Later, Benary [4] observed that the reaction of either acetyl chloride or chloro-
acetyl chloride with cyclohexanone azine yields (in about 20% yield) the corresponding N-acyl derivative of
[4] M. Ikuta, J. prake, Chem., (2) 45, 67, 73 (1892). octahydrocarbazole,

LITERATURE CITED

[1] A.P. Terentyev, A, N, Griney and Pan Bon-Khvar, J. Gen. Chem., 24, 2050 (1954) (T. p. 2015)*.
[3] A.N. Grinev and A, P, Terentyev, J.Gen, Chem., 25, 2145 (1955) (T. p. 2107)".

The reaction discovered by Piloty is apparently similar to Fischer’s synthesis of indole compounds; con-
sequently we, in accord with the data of A, E, Arbuzov [5], used traces of zinc chloride instead of an excess,
and obtained from azine (1) the (11) in 79% yield, We were unable to ex-
tend the method to another azines — those of acetone, i X L
butyrone and acetophenone — which is in accord with the studies of other authors [1, 2, 6].

Received December 6, 1954 Moscow State University

When the reaction was run with catalytic amounts of aniline hydrochloride we obtained the octahydro-
carbazole in 19,7% yield, in which connection the main reaction product (61% yield) proved to be 1-cyclo-
hexyleyclohexene (V). Similar results were obtained with quinoline hydrochloride. The use of acidic alumino-
silicate catalyst gave 1-cyclohexylcyclohexene (in 39% yield) and a high-boilifig substance, the composition

- ination, . et
T.p. = C.B. Translation paginatio of which was not investigated,

In elucidating the mechanism for the formation of the hydrocarbon it was revealed that aniline hydro-
chioride (when introduced in equimolar amounts) rearranges the cyclohexanone azine (1) into the pyrazoline
base (III), which with the loss of nitrogen is easily converted into 1, 1-pentamethylene -bicyclo (0.1.4) heptane
(IV) and then into 1 (V). These (under different conditions ) were
described in our previous [7] communication *,

“After a description of the synthesis and ons of 1, 1-p (0.1.4) heptane [7]

had been sent to print there appeared a paper by Laber [8], who obtained this hydrocarbon from cyclohexylidene«
cyclohexanone through the pyrazoline base (without isolating the latter in pure form), opened the three-membered
ring with either hydrogen chloride or hydrogen bromide (the same as we had done), and showed that this hydro-
carbon under the influence of either hydrogen chioride or zinc chloride is isomerized to the cycloh

in 55-64% yield. According to our data, isomerizaticn under the influence of zinc chloride proceeds with tarring
and gives a contaminated substance. If the reaction s run with aniline hydrochloride, then the yield of pure sub-
stance reaches 95.4%, Laber gives a density of 0,9015 for 1, 1-pentamethylenebicyclo(0.1.4)heptane; the other
constants agree with ours, After repeated purification and trials we obtained d30.9320, In our case the refraction
and parachor are in good agreement with the theoretical values, while in the case of Laber a difference of 1.6 is
observed for the refraction.
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As a result, the formation of pyrazoline bases (which proceeds under the influence of acidic agents)
appears as a concurrent process in the synthesis of pyrrole compounds from azines, In connection with this
we modified the Benary method [4] and ran the reaction of cyclohexanone azine with acetyl chloride in
anhydrous dioxane (for the purpose of alleviating the acidity of the reagent). In this way we wete able to
increase the yield of the N-acetyloctahydrocatbazole to 82%, Under similar conditions the octahydrocarbazole
fails to be formed from the pyrazoline base, An attempt to use for the fon of
azine to the octahydrocarbazole led only to the pyrazoline base,

EXPERIMENTAL

1,2,3,4,5, 6, 7, 8-Octahydrocarbazole (II). Ina 60 ml flask was placed 44.2 g freshly -distilled
azine of cyclohexanone [7], 6 g glass wool and 015 g anhydrous zinc chloride; the reaction mixture was then
heated with air condenser for 4 hours at 220 -230° (thermoreter in mixture) and without capillary was vacuum-
distilled from the same flask, The colorless substance instantly crystallized in the condenser. Yield 32 g
(19.3%) of octahydrocarbazone with b, p. 161.5-162.5° at 13 mm and m. p. 96°.

Found %: N 8.31, 8.42. CpHyN. Calculated %: N 8.00.

The substance very rapidly oxidized in air (after 20 minutes, m, p. 90°, after 90 minutes, m. p. 87°).
It remained unchanged when kept in ampoules, sealed in a stream of ammonia. The acetyl derivative, obtained
by boiling with acetic anhydride in the presence of perchloric acid, had m. p. 71° (from 75% alcohol). The
literature data give b. p. 165-170° at 15 mm, m. p. 102° [3].

N-Acetyl-1, 2, 3, 4, 5, 6, 7, 8-octahydrocarbazole.  To a solution of 19,2 g of freshly-distilled azine
of cyclohexarone in 50 m1 anhydrous dioxane, upon boiling, was added drop- wise 11.8 g acetyl chloride; 2
vigorous reaction took place, accompanied by the formation of ammonium chloride and greening of the
mixture, The mixture was then boiled 30 minutes under reflux and after cooling, was poured in ice water.
Yield 17.9 g (82.5%) N . After recr; ization from 75% aqueous methanol, it
had m, p. 71°. Literature data give m. p. 73° [4].

Found %: N 6.81. CyHyON. Calculated %: N 6.46.

The substance kept in air without noticeable oxidation, It gave no melting point depression with the
substance prepared in the preceding experiment, In similar experiments with isovaleryl chloride, benzoyl
chloride and benzenesulfochloride, a quantitative splitting out of ammonium chioride was noted; however,
we could not purify the reaction products since they were obtained in the form of viscous liquids which de-
composed upon vacuum-distillation.

Reaction of the azine of cyclohexanone with formamide. A mixture of 19,2 g azine of cyclohexanone
and 5 g commercial formamide was heated, At 160° (thermometer in mixture) a vigorous evolution of
ammonia started and stopped after 1,5-2 hours, After 3 hours of heating (160-190%) the reaction mass was
vacuum-distilled (b, p. 144-203° at 10 mm). After prolonged standing (25-30 days) at =5°, a portion of the
substance crystallized, Recrystallization from 50% methanol yielded 8.2 g (37.4%) N-formy1-3, 4 -tetra—

5 ine with m, p, 74°, It gave no melting point depression with the

-5, 5-p
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previously prepaied [7] substance, which had m, p. 73°.  Hydrolysis of the mother liquor and the oil (boiling
with concentrated hydrochloric acid for 0.5 hour ) yielded 9,1 g (47.4%) of 3, 4-tetramethylene -5, 5-penta-
methylenepyrazoline (IIT) with m, p. 63° (the azine of cyclohexane cleaved upon being boiled with concen-
trated hydrochloric acid and gave hydrazine dihydrochloride), The total yield (including the formyl deriva-
tive) was about 83%.

Reaction of the azine of cyclohexanone with other acidic agents, When a mixture of 38.4 g azine of
cyclohexanone and 25.8 g aniline hydrochloride was heated, at 120 -140° a very vigorous reaction began which
had to be controlled by ‘cooling the flask with water, When the reaction was complete, the cooled mixture
was diluted to three times its original volume with ether; the crystals which came down were separated and
dissolved in methanol; the addition of anhydrous ether brought down 5,1 g of ammonium chloride and after

of the solvents, i and distillation, we obtained 14,1 g pyrazoline base with b, p.
161-169° at 16-18 mm and m. p. 60°% its N-phenylcarbamide derivative had m, p, 122° (from alcohol).
Literature data: b, p. 165° at 17 mm; m. p, 64° [93; N-phenylcarbamide derivative: m. p. 122° [T}, 124°
[9]. From the basic ethereal layer was separated 12,1 g aniline and 2.9 g octahydrocarbazale with b. p.
154-160° at 10 mm, m, p. 89°,

When 38.4 g azine of cyclohexanone was heated with 2 g aniline hydrochloride, at 170° ammonia
started to evolve. After heating the mixture for 8 hours at 210-230° and distiliation, we obtained 6,9 g
(19.79%) octahydrocarbazole with b, p. 150~158° at 10 mm and m. p. 90-91°,and 20 g of 1-cyclohexylcyclo-
hexene (61%) with b, p. 235.5-236,5° at 746,3 mm, n} 14949, d® 0.9075. Literatwre data: b. p.
236° at 745 mm [7], 238° at 160 mm [10], nf§ 1.4947[8], 1.4948 (7], d¥ 0.9040 [10], 0.9063 [7].

In a similar experiment with quinoline h ide we obtained in yield of
40.7% and 1-cyclohexyleyclohexene in yield of 44.6%. From 19,2 g azine and 2 g acid aluminosilicate
catalyst (210 -230°, 3.5 hours) we obtained 6.4 g (38%) of 1-cyclohexylcyclohexene and 10.1 g fraction with
b. p. 295-810°, the composition of which was rot investigated further, When a solution of 19.2 g azine of
cyclohexanone in 50 ml methyl alcohol was run into a solution of 13.65 g anhydrous zinc chioride in 50 ml
methyl alcohol, upon slight heating there came down 31.12 g of crystalline precipitate with m. p. 230 240°
(decomp.). Analysis for nitrogen (Dumas) gave divergent results (from 7.12 to 10.07%). The same precipitate
was obtained upon addition of methanolic solution of the azine to aqueous zinc chloride solution. Variation
of pH of the aqueous solution did not bring down the complex compound, Acids resinified it and aqueous
ammonia regenerated the azine, Heating to 250-300° did not cause the octahydrocarbazole to form.
Similarly, in methanolic solution we obtained a complex compound of the azine of cyclohexanone with
cuprous chloride of the composition CygHygNp -CuCl, (Found %: N 9,68; Calculated %: N 9.62). In
this case complex-formatior: is accompanied by considerable oxidation; the complex compound itself
is not stable upon storage.

D ition of 3, 4- lene -5, 5-p y ne (). Ammonia was bubbled
for 3 iours into 16.4 g boiling pyrazolinic base. Fractionation yielded 5.8 g fraction with b. p. 180-200° at

10 mm, the composition of which was not investigated and 6.9 g (50.7%) 1, 1-pentamethylenebicyclo-(0.1.4)-
heptane with b, p. 231-232° at 743 mm and n ) 1.497.

After careful purification of 200 g of this hydrocarbon (washing with hot acetic acid solution of copper
acetate, steam distillation, treatment for 3 hours at 20° with a solution of perbenzoic acid, washing with soda
solution, partial oxidation with potassium permanganate and fractionation), we obtained the pure substance
with b, p. 230.6° at 733.5 mm, n & 14960, df° 09320, Found MRy 51.40; Cale, 51.71, Literature data:
b. p. 98° at 12 mm [7), 108.5° at 18 mm [8]; 232° at 747 mm [7]; o 14966 [8], 1.4972 [1]: 4’ 0.9015(")
(8], 0.9278 [7). Similarly from 16.4 g pyrazolinic base with 0.2 g anhydrous zinc chloride was obtained
8.3 g hydrocarbon with b, p, 230 -235.5° at 742 mm and n [ 1496 (a supposed mixture of spirane hydrocarbor
with cyclohexylcyclohexene), .

Isomerization of 1, 1-pentamethylenebicyclo-(0.1.4)-heptane (IV). 8.2 g of hydrocarbon and 0.5 g
aniline hydrochloride were boiled for 5 hours, washed with 5% sulfuric acid, water, dried with potash and
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distilled, Yield 7.8 g (95.4%) 1-cyclohexyicyclohexene wih b, p. 236.7-227,2" a1 1475 mm, & 14946,
4% 0.9069, When 16.4 g 1, 1-pentamethylenebicyclo-(0.1.4)-heptane was boiled (8 hours) with 0.2 g
anhydrous zinc chloride, there was appreciable resinification. Fractions were cbtained with b. p. from
230-237,5° at 744 mm, total weight 11,7, n & 1.4966 (first fraction) and nf} 14957 (second fraction),

the compositions of which were not investigated further ,

SUMMARY HALOGENATION OF AROMATIC SILANES

The transformations of cyclohexanone azine under the influence of acidic agents were investigated.
K its N-acetyl deriva-
simple methods for the preparation of 1, 2, 3, 4, 5, 6, 7, 8-octahydrocarbazole and its N-acetyl 1. PREPARATION AND PROPERTIES OF THE CHLORO DERIVATIVES OF PHENYLTRICHLOROSILANE
tive were described,

LITERATURE CITED
[1] O. Piloty, Ber,, 43, 489 (1910), A. Ya. Yakubovich and G, V. Motsarey
. Piloty, Ber,, 43, .
[2] G. Robinson and R, Robinson, J. Chem. Soc., 113, 639 (1918); 125, 839 (1924).

[3] W. Perkin and P, Plant, J. Chem, Soc., 125, 1503 (1924).
If the preparation and properties of halogenated aliphatic silane derivatives, contalning halogen atoms

in the radical, having received quite detailed illumination in the literature [1], then the data with respect to

[5] A.E. Arbuzov et.al,, J. Russ. Phys-Chem. Soc., 45, 70, 694, 697 (1913). the analogous halogenated aromatic silanes, as was already mentioned by us earlier [2, 3], is extremely meager.

In conaection with this we undertook a study of the halogenation of a number of aromatic silanes and of the

properties of the resulting halogenated derivatives,

[4] E. Benary, Ber., 67 B, 708 (1934).

[6] W. Perkin and P, Plant, J. Chem. Soc., 127, 1138 (1925).

[7] A. N. Kost and 1, 1, Grandberg, J. Gen. Chem,, 25, 2064 (1955) (T. p. 2017) *.
We began our study with phenyltrichlorosilane, Up to now not a single study, specially devoted to the

[8] G. Laber, Ann., 588, 19 (1954). halogenation of this silane, has appeared in the literature, We had already described earlier the preparation

[9] R. Stolle and F, Hanusch, Ber., 63, 2212 (1930). and properties of the bromo derivatives of phenyltrichlorosilane [2].

The of ilane, the same as its fon, was run in the presence of the
catalysts usually used in the halogenation of aromatic compounds (metallic iron [4], antimony trichloride,
aluminum chloride {5] and fodine ).,

[10] R. Trauffault, Bull, soc, chim., 5], 3, 442 (1936).

It was established that at 50 -125°, with the proper molar ratios of phenyltrichlorosilane and chlorine,
) and using the mentioned catalysts, it is possible to obtain a whole series of chlorinated phenylirichlorosilane
Received February 21, 1955 Moscow State University derivatives, ranging from the monochloro- to the pentachloro-derivative, in 55-90% yields, In its intensity
of reaction the chlorination of phenyltrichlorosilane in the presence of iodine differs sharply from that of
chlorination in the presence of the other catalysts indicated above, The catalytic action of iodine becomes
suffictently effective only when the iodine is present in considerable amount, It should be mentioned that in
the absence of catalysts the chlorination of phenyltrichlorosilane fails to proceed even at 170 -180°.

* T.p.= C.B. Translation pagination.
A study of the chlorination of phenyltrichlorosilane revealed that depending on the nature of the catalyst

used the ion of the silane is ied to a greater or lesser degree by a parallel
secondary process — destructive chlorination, proceeding with the formation of products that arise as the result
of the silare molecule suffering cleavage at the C-Sibond *,  This secondary reaction is observed to
noticeable degree when the phenyltrichlorosilane is chlorinated in the presence of AICly, and is present in

very slight degree when this silane is chlorinated in the presence of FeCly at 140-150° (cleavage is not ob-
served at the lower temperature of 120-125°%). The cleavage products of phenyltrichlorosilane when it is
chiorinated in the presence of either AICly o FeCl are, on the one hand, SICl,, and on the other, — chlorinated
benzene derivatives. As a result, the chlorination of phenyltrichlorosilane proceeds by the scheme:

* The mechanism of this secondary process was examined by us in detail earlier [6].
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-+ CotlieaClu SiCly 1y (main reaction)
CoHinCSIC+Cll | g 4 oy aClias (secondary reacion)

i fodi to be accompanied
The chlotination of phenyltrichlorosilane in the presence of either SbCly ot fodine fails to p:
by cleavage at the C-$i bond. N
ting phenyl-
The influence of catalysts, of reactant ratios, and of temperatures on the results of chlorinating pheny!

trichlorosilane are illustrated by the data given in the table:

ination of
Influence of Catalysts, Reactant Ratios and Temp On The Cl

i ition of reaction products
Exp. Conditions for the chlorination of
1

C
. Unchanged | _Chlorination products | Amount of
o ~ Amount of Mole ratio | silane (in | Total yleld| = Main clle:vizl s;k)
Catalyst in | TemPera- SiClys | M) (in %) feaction | lan
4 caualyst(in | 17 CeHgSiCly et
% on the Cl,
weightofsi-

Lane taken)

0.5
05
0.5
0.5

0.3
0.3
0,75
3.0

All five chloro derivatives of phenyltrichlorosilane were solated pure, and the physical and chemical

i i t time,
characteristics for the di-, tri-, tetra- and pentachloro- derivatives are given here for the first tim:

The chloro derivatives of phenyltrichlorosilane, ‘with the exception of the pentachloro derivative, appear

ds that fume in the air (the tri- and tetrachloro- derivatives appear as oils). The

oot mObﬂe'“qm substance (slender needles), fuming in the air,

is a white

d ives show steady increase

P
Al of the p i lanes are e
ition, and are readily soluble in most of the ordinary

The boiling points and densities of the
in measure with increase in their chlorine content.
by sharp odors, show distillation without
organic solvents.

of i we used the reaction

chloro i p
mine water, the same as was used for the analogous bromo derivatives
chlorophenyltrichlorosilanes revealed that the cleavage of the
loro derivatives of benzene, while when cleaved with bromine

To prove the structure of our
of their cleavage with either AICly or broi
[2]. A study of the cleavage products of the

latter with AICl; yields the corresponding ch i leav
:a(er (at emvu’e: temperature, in a sealed tube) some of them yield chlorobromo derivatives of benzene

HAICHHO ¢ Hy—aCla+ SiO, + HCI

C“Hﬁ“"c"'s'c"<_*"_'-*“_‘°L CoHs_nClaBr + SiOg + HCI + HBr.
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the structure of which can be judged from the pusitions of the chlorine atoms in the aromatic ring of the chloro-
phenyltrichlorosilane and from the orientation effect of the SiCly group. It was established that despite the fact
that the SiCly group by its nature should show meta-orientation [7], the chlorination of phenyltrichlorosilane to
the monochloro derivative in the presence of the above indicated catalysts leads to the exclusive formation of
the para -chloto derivative, The formation of the para-, and not of the meta-chloro derivative, in the chlorina-
tion of phenyltrichlorosilane is supported both by the fact that the cleavage product of -monochlorophenyltri-
chlorosilane with bromine water s p-chlorobromobenzene, obtained in 60% yield, and by the identity of the
chlorination product with synthetic p-chlorophenyltrichlorosilane, obtained from p-CICHMgBr and SiCl, (8].
Such a direction for this reaction indicated its anomalous behavior [7]. A study of the structure of the other
chloro derivatives of phenyltrichlorosilane confirmed this postulation,

When we attempted to cleave dichlorophenyltrichlorosilane with bromine water it was revealed that this
substance fails to react with bromine even under prolonged heating at 200-250% consequently, to prove its
structure the chloride was cleaved with AICly (with a 1: 1 molar ratio of the reactants). After the reaction
mass was decomposed with water the isolated cleavage product proved to be m-dichlorobenzene (40.0% yield),
identified as the nitro derivative, which was shown to be 1-nitro-2, 4 -dichlorobenzene, From this it follows
that the described substance is 2, 4-dichlorophenyltrichlorosilane.,

Similar to the dichloro derivative, trichlorophenyltrichlorosilane fails to be cleaved by bromine water
(despite long heating in a sealed tube at 250%). The reaction product of trichlorophenyltrichlorosilane with
AICl; (1: 1) proved to be 1, 3, 5-trichlorobenzene (37.0% yield). This indicates that the product obtained in
the chlorination of phenyltrich lorosilane is the 2, 4, 6-trichloro derivative,

Since the tri i ilane appears as a
and penta- ichlorosilanes are
chlorophenyltrichlorosilanes.

derivative, then the tetra-
the 2, 3, 4, 6-tetrachloro- and 2, 3, 4, 5, 6-penta-

In the above description of the properties of the chlorinated phenyltrichlorosilanes special mention should
be made of the peculiar behavior shown by these compounds toward bromine water. In measure with increase
in the degree of chlorination of the phenyltrichlorasilane the cleavage of the C-Si bond by bromine is made more
difficult. Thus, if phenyltrichlorosilane itself is cleaved at 100-110°, then the monochlorophenyltrichlorosilane
already shows complete cleavage only at 140-150°, while the dichloro- and higher chlorinated derivatives fail
to suffer cleavage even at 250°, As a result, based on their ease of cleavage with bromine (in the presence of
water) these compounds can be arranged in the following order:

CeHsSiCly > CICH,SICly> ... > CeHs_nClaSiCly,

where n =2 and more chlorine atoms,

Another peculiarity of this interesting reaction is the fact that the cleavage with bromine proceeds only

in the presence of water; here dry bromine fails to react with phenyltrichlorosilane even at 140-150°, This
peculiarity of the reaction could be explained by the fact that in the presence of water the phenyltrichlorosilane
is first hydrolyzed to yield polysiloxanes, which are then cleaved by the bromine, However, attempts to cleave
the earlier obtained dichlorophenylsiloxane resin with bromine (or bromine water) proved unsuccessful ~ cleavage
failed to take place. It can be concluded from all of these observations that the cleavage of the C-Si bond with
bromine water is a complicated process, in which the ions of hypobromous acid probably parti

EXPERIMENTAL

1. Preparation of p-chlorophenyltrichlorosilane

1. Chlorination in the presence of iron, A stream of dry chlorine was passed for 40 minutes at the rate

of 40 ml/min. at 60-70° into a mixture of 15.0 g phenyltrichlorosilane and 0.075 g powdered metallic iron
(0.5% of the weight of phenyltrichlorosilane). The weight addition of the reaction mass after blowing through
dry chlorine was 2.7 g (as against 2,5 necessary for ination to the i e). V: di
tillation (7 mm) of the chlorination gave the following fractions: 1st, b.p, 70-80°, 0.2 g; 2nd, b. p. 8090°,
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13,2 g; 8rd, b, p. 90-110%, 2,3 g, A second distillation of the 2nd fraction ylelded 12.8 g liquid with
b, p. 84-86° (7 mm); which was monochlorcphenyltrichlorosilane, Yield 73.5%, based on the phenyltri-
chlorosilane taken for reaction,

Monochlorophenyltrichlorosilane was a colorless, mobile liquid, fuming in air, b, p. 87-88° at 7.mm;
df* 14062,

‘Found %: Cl (total) 57.2, 57.0; Cl (hydrolysis) 42.9, 42.8. C¢H,CISiCly. Calculated %:
Cl (total) 57.7; Cl (hydrolysis) 43.29.

A side product of chlorination of phenyltrichlorosilane under the above described conditions was
dichlorophenyltrichlordsilane, isolated from the 3rd fraction by a second distillation; we obtained 1.9 g
liquid with'b, p, 101-104° (7 mm). The total yield of chlorophenyltrichlorosilanes (mono- and dichloro-
derivatives) was 83.0%.

By its properties, monochlorophenyltrichlorosilane proved identical to the p-chlorophenyltrichlorosilai
prepared from p-CIC4HyMgBr andSiCls. Moreover, to verify its structure the obtained monochlorophenyliri-
chlorosilane was subjected to cleavage with bromine water in a sealed tube, For this purpose 1.3 g mono-
chlorophenyltrichlorosilane, 0.3 ml bromine and 2.0 ml water were placed in a glass tube, The tube was
heated in a tube furnace at 140 -160° for 7 hours, After heating, the contents of the tube were extracted
with ether, the ethereal extract was washed with 10% soda solution, with water and was dried over CaCl,,
From the ethereal extract we isolated a white crystalline substance which after two recrystallizations
from alcohol, yielded lustrous white crystals (flakes) with m. p. 65.5° and was p-chlorobromobenzene
(~0.6 g). Yield ~60 %, A mixed sample with ized p gave no i

2. Chlorination in the presence of iodine. a) Into mixture of 10 g phenyltrichlorosilane and 0.075 g
1odine (0.75% of the weight of phenyltrichlorosilane) was passed at 50-75° for 1 hour a stream of dry
chlorine at the rate of 60 ml/min. 11.4 g chlorine was passed. In contrast to the preceding experiment,
chlorination proceeded extremely sluggishly in this case (large chlorine by-pass). The weight addition
of the reaction mass after blowing was 0.3 g (against 1.6 g, calculated for ion to the
derivative). Vacuum-distillation (7 mm) of the chlorination product yielded the following fractions:
1st, b, p. 69-80%, 80 g 2nd, b, p. 80-98°, 1.4 g. The first fraction was unchanged phenyltrichlorosilane.
From the second fraction we isolated 1,1 g of liquid with b, p. 87-89° (7 mm) and df* 1.4071, which was
monochlorophenyltrichlorosilane; yield 8,5%, based on the phenyltrichlorosilane taken for reaction,

b) Intoa mixture of 15 g phenyltrichlorosilane and 0.5 g iodine (3% of weight of phenyltrichloro-
silane) was passed at 50-65° for 1 hour a stream of dry chlorine at the rate of 60 ml/min.; 7.2 g of chlorine
was passed.” In this case there was a vigorous chlorination. The weight addition of the reaction mass after
blowing was 2,5 g (as against 2,44 g necessary for chlorination to the ivative), Vacuum-
distillation (7 mm) of the chlorination product yielded the following fractions: . 1st, b, p. 10-80%, 1.0 g;
2nd, b. p. 80-95°, 12.0 g; 3rd, b, p, 95-112", 3.5 g. A second distillation of the 2nd fraction yielded
~11,5 g monochlorophenyltrichlorosilane with b, p. 87-89" (7 mm) and d° 14070, yield ~ 65%,
based on the phenyltrichlorosilane taken for reaction, A side product of the reaction was dichlorophenyl-
trichlorosilane, which was isolatéd from the 3rd fraction by a second distillation; 2.6 g of liquid was also
obtained with b, p, 102-104° (7 mm), The total yield of chlorophenyltrichlorosilanes was 86.0%. The
obtained monochlorophenyltrichlorosilane by its constants proved identical to p-chlorophenyltrichloro-
silane prepared by, the chlorination of phenyltrichlorosilane in the presence of iron. Moreover , for com-
plete proof of identity, the monochlorophenyltrichlorosilane was cleaved with bromine water by the
above -described method and p-¢hlorobromabenzene was obtained in a yield of 60%, m. p. 66°.

1L, Preparation of 2, 4-dichlorophenyltrichlorosilane

1. Chlorination of phenyltrichlorosilane in the presence of iron, Chlorination of phenyltrichloro-
silane to the dichloro derivative was carried out under the same conditions s to the monochloro deriva-

tive; only the quantity of passed chlorine was correspondingly increased.
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Into a mixture of 15 g phenyltrichlorosilane and 0,075 g powdered metallic iron (0.5% of weight of
plienyltrichlorosilane) was passed at 70° for 1 hour and 45 minutes a stream of dry chlorine at the rate of
40 m1/min, 111 g of chlorine was passed, The weight addition of the reaction mass after blowing was
5.1g (as against 4,9 g necessary for chlorination to the dichloro derivative), Vacuum-distillation (7 mm)
of the chlorination product yielded the following fractions:  1st, b, p. 90-100°, 0.3 g; 2nd, b, p. 100-110°,
15.0 g, 3rd, b, p. 110-120°, 3.0 g. A second distiliation of the 2nd fraction yielded 13,9 g of liquid with
b. p. 101-105° (7 mm), which was dichlorophenyltrichlorosilane. Yield 70.0%, based on the phenyltrichloro-
silane taken for reaction,

Dichlorophenyltrichlorosilane was a colorless, mobile liquid, fuming n air, b, p, 102-103° (7.mm),
4P 1.4820,

Found %: Cl (total) 62.4, 62.8; Cl (hydrolyss) 37.3, 38.5. CeHsCL,SiCls. Calculated %:
Cl (total) 63.28; Cl1 (hydrolysis) 37.97. .

A side product of the reaction was trichlorophenyltrichlorosilane, isolated from the 3rd fraction by a
second distillation of the fraction; also 2.2 g of liquid was obtained, b, p. 117-119° (7 mm). The total
yield of chlorophenyltrichlorosilanes was 80.0%.

For proof of structure of the obtained dichlorophenyltrichlorosilane, the latter was cleaved with AICIs.
A mixture of 6,8 g silane and 3,25 g AICly was set aside at room temperature for 12 hours and then heated
for 2 hours at 50-60° (the mixture set aside in a flask fitted with calcium chloride tube). The reaction mass
was decomposed with cold water, After stream-distillation, extraction with ether and drying, the residue,
after driving off the ether, was distilled on an oil bath, A liquid was thus obtained with b, p, 170-174" and
dJ® 1.2864, which corresponded in constants and chlorine content to m-dichlorobenzene, Yield 1.4 g,
40.0%, based on the silane taken for reaction,

Found %: Cl 48.0, 47.9, CgHCly, Calculated %: Cl 48.3.

For identification of m-dichlorobenzene (0.6 g), the latter was converted to the nitro derivative by a
nitrating mixture, After two recrystallizations from alcohol, crystals (needles) were isolated which were
. 4-dichloro-1-nitrobenzene with m, p. 32.2° (literature data: m, p, 31,5-33°). Yield ~ 61.5%, based on
the m-dichlorobenzene taken for the reaction,

2. Chlorination of p-chlorophenyltrichlorosilane, Into a mixture of 5 g p-chlorophenyltrichlorosilane,
prepared from p-CICgtyMgBr and SIC} and 0,025 g powdered metallic iron (0.5% of weight of p-chloro-

phenyltrichlorosilane) was passed at 70° for 20 minutes a stream of dry chlorine at the rate of 40 ml/min.
Two distillations of the chlorination product in vacuum yielded 4.1 g dichlorophenyltrichlorosilane,
identified by b, p. 10%-105° (7 mm) and density df’ 1.4823, as the 2, 4-dichloro derivative. Yield
~72.0 %, based on the p-chlorophenyltrichlorosilane taken for the reaction,

10, Preparation of 2, 4, 6-trichlorophenyltrichlorosilane.

1. Chlorination in the presence of iron, Into a mixture of 15 g phenyltrichlorosilane and 0.075 g
powdered metallic fron (0.5%) was passed at 70 -75° for 2 hours a stream of dry chlorine at the rate of
40 mi/min, 16.6 g of chlorine was passed, The weight addition of the reaction mass after blowing was
7.0 g (as against 7,3 g necessary for chlorination to the trichloro derivative). Distillation of the chlorina-
tion product in vacuum (4 mm) yielded the following fractions:  1st, b. p. 90-108°,4.9.g; 2nd, b.p.
108-120°, 14.5 g 3td, b. p. 120-125°, 0.3 g. A second distillation of the 2nd fraction yielded 13.5 g of
liquid with b, p. 112-114° (4 mm), which was trichlorophenyltrichlorosilane, Yield 60.4%, based on the
phenyitrichlorosilane taken for reaction,

Trichlorophenyltrichlotosilane was a colorless, mobile, oily liquid, fuming in air, b, p. 117-118°
(7 mm); df 15651,

Found %: Cl (total) 67.2, 67.0; CI (hydrolysis) 33.4, 33.7, CgHClySiCly. Calculated %:
Cl (total) 67.62; Cl (hydrolysis) 33.81.
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A second distillation of the 1st fraction yielded 4.2 g dichlorophenyltrichiorosilanc with b. . 101-104°
(7 mm). The total yield of chlorophenylirichlorosilanes was 81.5%.

For proof of structure of the obtained trichlorophenylirichlorosilare, the latter was cleaved with AICl;.
For this a mixture of 2.7 g silane and 1,15 g AICly was kept for 8 hours at room temperature and then heated
for 2 houts at 50 -60° and decomposed with cold water, After steam-distillation, extraction with ether and
drying, after the echer was driven off, the residue was in the form of white crystals (0.57 g), which after two

recrystallizations from alcohol had m, p. 64° and in chlorine content corresponded to trichlorobenzene,

Found %: Cl 58.4, 58.5. CgHyCls. Calculated %: Cl 58.6.

The isolated trichlorobenzene (yield ~ 37%, based on the silane taken for reaction) by melting
point was identified as 1, 3, 5-trichlorobenzene (literature data: m. p. 63.4).

9. Chlorination in the presence of AICly. Into & mixture of 15 g phenyltrichlorosilane and 0.045 g

AICI, (0.3% of weight of phenyltrichlorosilane) was passed at 50-55° for 2 houts a stream of dry chlorine
at the rare of 40 ml/min, 18.3 g of chilorine was passed. The weight addition of the reaction mass after
blowing was 6.0 g, Moreover, in the receiver which was located at the outlet of the gases escaping from
the reaction vessel and which was cooled extemally with a freezing mixture (temperature —20%, ~30°) was
obtained 2.6 g of yellow, pungent liquid, Thus, the total weight addition of the reaction mass was 8.6
(as against 7.3 g, necessary for chlorination to the trichloro derivative).

Distillation of the liquid in the receiver yielded a compound (2. g) with b. p. 56-57° and d? 1.4823
which by constants was identified as SiCl. The distilled silicon tetrachloride was decomposed with water
fnto hydrogen chloride and silicic acid. 0.6 g of SiOy (85.79%) was isolated. The quantity of hydrogen
chloride was determined by titration with alkali; it corresponded to the yield of Si0;.

Vacuum-distillation (1 mm) of the chlorination product yielded two fractions: 1st, b, p. 90-110%,

50 g ond, b.p.110-125°% 12.1g.

When the first fraction was distilled, crystallization of the distillate was noted (crystals in the form
of long needles). For investigation of composition, this fraction was treated with water and then steam-
distilled, The aqueous distillate was extracted with ether and the ethereal solution was dried. After driving
off the ether, the residue was in the form of white crystals (3.0 g) which after 2 recrystallizations from
alcohol had m, p. 115-125° and corresponded in chlorine content to tetrachlorobenzene.

Found %: Cl 65.2, 65.4. CgHyCly. Calculated %: Cl 6€5.7.

The indefinite melting temperature of the crystals indicated that they were , evidently, a mixture of
isomeric with a pl i of the 1, 2, 4, derivative (m. p. 137-138°).
After steam-distillation, the residue (~1.0 g) was a transparent light-yellow resin, the composition of
which was shown by analysis to be (CgHsClySiOys);.

Found %: Cl 355, 35.6; Si 145, 14,1 (CeHCLSIOy gy, Calculated %: C1 35.85; S1 14.1.

Thus, the 1st fraction contained chiefly tetrachlorobenzene and some dichlorophenyltrichlorosilane,

A second distillation of the 2nd fraction yielded 11,0 g of liquid with b, p. 118-120° (8 mm), which
was trichlorophenyltrichlorosilane (41 1.5657), The total yield of chlorophenyltrichlorosilanes was 55%.

3. Chiorination in the presence of SbCly, Into a mixture of 15 g phenyltrichlorosilane and 0.045
SbClg (0.3% of weight of phenyltrichlorosilane) was passed at 75° for 2 hours a stream of dry chlorine at the
cate of 40 m1/min, 17.0 g of chlorine was passed. The weight addition of the reaction mass after blowing
was 1.8 g (as against 7.3 g necessary for chlorination to the trichloro derivative). Distillation of the chlorina-
tion product in vacuum (7 mm) yielded the following fractions: 1st, b. p. 90-110°,0.5 g: 2nd, b. p.
110-125°, 16.7g; 3rd, b, p. 125-135°, 3,3 g. A second distillation of the 2nd fraction yielded 15.0 g of
liquid with b, p, 118-120° (8 mm) and d* 15654, which was trichlorophenyltrichlorostlane, A second
distillation of the 3rd fraction yielded 2.6 g tetrachlorophenyltrichlorosilane with b, p. 130 -132° (7 mm).
The total yield of chlorophenyltrichlorosilanes was ~90.0 %o.
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1v, Preparation of 2, 3, 4 {chlorosilane and pentachlorophenyltrichlorosilane.
Iuto a mixture of 15 g phenyltrichlorosilane and 6,075 g powdered metallic iron (0.5%) was passed a stream
of dry chlorine at the rate of 40 m1/min., fist for 2 hours at 100° and then for 2 houts and 20 minutes at
120-125°, 32.3 g chiorine was passed, The weight addition of the reaction mass after blowing was 1.4 g
(as against 12,2 g necessaty for chlorination to the p ivative), As the product
cooled it crystallized (long needles). Vacuum-distillation yielded fractions; 1st, b. p. 120-130° (4 mm),
70 g and 2nd, b, p. 140+-155° (9 mm), 17.0 g.

A second distillation of the 1st fraction yielded 6.4 g of liquid with b, p. 124-127° (4 mm) which was
i ilane, T i {lane was a colorless, mobile, oily liquid,
fuming in air, b. p. 125-126° (4 mm); a3 1.6340.
Found %: Cl(total) 0.8, 10.5; Cl (hydrolysis) 30.5, 30.3. CHCLSICly. Calculated %:
Cl (total) 71,1; Cl (hydrolysis) 30.47.

A second distillation of the 2nd fraction yielded 16,0 g of colorless transparent liquid with b. p.
144-149° (8 mm), which upon cooling crystallized into long white needles which were pentachlorophenyltri-
chlorosilane, Yield 58.8%, based on the phenylirichlorosilane taken for reaction.

pentachlorophenyltrichlorosilane was a white crystalline substance, difficultly soluble in ether and in
benzene, readily soluble in carbon tetrachloride and in chlorobenzene; does not burn when placed in bare
flame. It crystallized from a mixture of carbon tetrachloride and ether in the form of needles, m. p.
59.5°, b. p. 146-147° (8 mm).

Found %: Cl (total) 713.4, 18.1; Cl(hydrolysis) 21.1, 27.3, CeCliSiCly. Caleulated %:

Cl (total) 73.96; Cl (hydrolysis) 27.73.

The total yield of polychlorophenyltrichlorosilanes was 84.6%.
SUMMARY
1, It was d that the ilane in the presence of the usual

ion of p
caralysts for the halogenation of aromatic compounds (FeCl, AICly, SbCly, Ip) can give a whole series of
irated phenyltri ilane derivatives, ranging from the monochloro- to the pentachloro- derivative.

2. it was observed, in contrast to chlorination in the presence of either SbCly or iodine, that the
chlorinatton of phenylichlorosilane in the preserice of AICly is accompanied by a sharply defined secondary
process, which proceeds with the formation of products that arise as the result of cleavage of the silane
molecule at the C-Si bond by chlorine, This secondary process of destructive chlorination proceeds to very
slight degree in the presence of FeCly when phenyltrichlorosilane is chlorinated at 140-150° to the penta-
chloro- derivative,

3. All five chloro derivatives of phenyltrichlorosilane were solated in the pure form, and the physico
chemtcal and chemical properties of the previously unknown di-, tri-, tetra- and pentachloro- derivatives
were characterized for the first time.

4. The structure of all five ion products of p was shown, and it was es-
Lablished that the monochloro- derivative is the 1, 4 -isomer, the dichloro- derivative ~the 1, 2, 4-isomer,
the trichloro~ derivative — the 1, 2, 4, 6-isomer, the tetrachloro- derivative —the 1, 2, 3, 4, B-isomer,
and the pentachloro- derivative — the 1, 2, 3, 4, 5, 6-pentachlorophenyltrichlorosilape.

5. It was revealed that the chiorination of phenyltrichlorosilane in the presence of any of the above
mentioned catalysts proceeds abnormally with respect to the orientation effect of the SiCls group. Instead

of niormal meta-orfentation, here anomalous ortho-, para-orientation of the chlorine atoms entering the
ring is observed,
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ical study of earlier sy d N-alkylated p has shown that these substances

(8] G. Griittner and E, Krause, Ber., 50, 1559 (1917). possess clearly defined hypotensive properties, The degree and duration of reduction in blood pressure is in
inverse proportion to the size of the radicals: N, N'-diisopropylputsescine is the most active, while the mono-
and N, N'-diisooctylputrescines are the least active in hypotensive effect for the given seties of substances. All
of the studied alkylated diamines depress the central nervous system and block the sympathetic ganglia.

Received April 19, 1955 It seemed of interest to obtain those substances in which the ability to stimulate the central nervous system

s combined with hypotensive properties. For this purpose we synthesized two new substances: di-N, N*-(1-
benzylethyl) putrescine (1) and N-isopropyl-N'~(1-benzylethyl) putrescine (ID).

= C.B. Translation pagination.

CgHs—CHy— (%H~NH7(CH1),— NH—(IIH—CHZ—-CgHs W]
CHy CH;

CH—_\—(‘:H—‘NH—(Cth—NH—?H—CHg—C,H,;
CHj CHy

The first of these substances can be regarded as being a substituted diisopropylputrescine derivative, ex-
pected to show the hypotensive effect characteristic of the latter. Together with this, two phenamine (1-
benzylethylamine) molecules are combined in the structure of this diamine, bound through itrogen atoms to
the chain of methylene groups. Phenamine and its N-derivatives are extremely active stimulators, and it could
be expected that di-N, N*~(1-benzylethyl) putrescine will also show the same characteristic physiological action.
Pharmacological study confirmed this postulation; however, it was revealed that di-N, N'-(1-benzylethyl)
putrescine possesses less prolonged hypotensive effect than does diisopropylpurescine, fails to show any ganglion-
blocking properties, while its nerve stimulatory activity is weaker than that of phenamine. As was to be ex-
pected, the physiological properties of N-isopropyl-N'~(1-benzylethyl) -putrescine lie intermediate between
those of di-N, N*-(1-benzylethyl) putrescine and N, N'-dii i

propylp

We obtained di-N, N'~(1-benzylethyl) putrescine by the reductive alkylation of putrescine with methyl
benzyl ketone (50% yield). The ical substitution of putrescine i the synthesis of the second diamine
was run in two stages: 1) the reductive alkylation of putrescine with an equimolar amount of acetone (the
yield of isopropylputrescine was 46%), and 2) the condensation of isoptopylputrescine with methyl benzyl
Ketone and subsequent hydrogenation of the reaction mixture (73% yield). The alkylation of both amino groups
was proved by reaction with nitfous acid, where nitrogen evolution faled to occur.

Desiring to elucidate the preparative significance of the reductive alkylation method for obtaining mono-

substituted diamines, we repeated the earlier synthesis of isoamylputrescine and obtained this substance in 51%
yield. In some of the experiments on the p ion of ituted ines we added, prior to hydro-

p
genation, an equimolar amount of hydrochloric acid with respect to the amount of putrescine taken, This partial

619
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tralization of the putrescine faiied w ot 1 of monosnbstitited putteseinz and did not affect

osenativn L

SERUNENTR L

benzylethyl)-putrescine (1), A solution of 0,038 mole (3.8 ml) putrescine * and 0.078
mole (10.5 g) methylbenzyl ketone in 10 m1 alcohol was hydrogenated with platinum black prepared from
0.18 g platinic oxide, 1.65 liters of hydrogen was absorbed (calculated 1,75 liters). The solution, freed
from platinum, was neutralized with an alcoholic solution of hydrogen chloride. The dinydrochloride was
repeatedly recrystallized from water, Yield 0.019 mole (7.4 g) of dihydrochloride; yield 50%. M. p. 285-286°
The HC content of the dihydrochloride was determined gravimetrically.

Found %b: HC1 18.32. CapHaNyClp. Calculated %o: HCI 18.35.
The dipicrate, recrystallized from alcohol, melted at 187.5-188.5°
Found %: C 52.12; H 5.16; N 14.74. CtlsgOuMs. Calculated %: C 52,17; H 4.89; N 14.32

Isopropylputrescine. 1) A solution of 0.149 mole (15 ml) putrescine, 0,158 mole (11.6 ml) acetone
0.149 mole hydrogen chloride and 25,5 ml water ** in 100 1 alcohol was hydrogenated with platinum
black prepared from 0,82 g platinic oxide. 3.06 liters hydrogen was absorbed in the course of 210 minutes
(calculated 3,54 liters). After separating the platinum from the solution, the solvent was driven off and the
bases were liberated by addition of alkali and then vacuum-distilled. Yield 0.0690 mole (8.98 g) of
isopropylputrescine which distilled at 103,0-104.2° (60 mm); yield 46%.

2) The experimental conditions and the quanities of substances were the same but in place of hydre-
chloric acid, an equal quantity of water was added. Hydrogenation was complete after 210 minutes, 3.17
liters of hydrogen was absorbed (calculated 3.54 liters). Yield 0.0686 mole (8,93 g) of isopropylputrescine
with b, p. 102.6-102.8° (58 mm), di 0.8370; yield 46%,

The dihydrochloride, m. p. 177-178° and the dipicrate, m. p. 163.5-164.5° were obtained

Analysis of the dipicrate. Found %: N 19.23. CagHuOul. Calculated %: N 19.04.

o) penzylethyl)-putsescine (1. A solution of 0,115 mole (15 g) isopropylputresciz,
0.127 mole (17 g) methylbenzyl ketone in 50 ml alcohol was hydrogenated with platinum black prepared
from 1 g platinic oxide, 229 liters of hydrogen was absorbed in the course of 315 minutes (calculated
284 Titers), After removal of the catalyst and driving off the solvent, the mtEHe was vacuum-distilled.
Yield 0.0835 mole (20.74 g) of base which distilled at 152-152.6° (6 mm), a270.9082; yield 3%

Found %: C 7740, 77.61; H 11,38, 1132 N 1123, 11.31. CygHygNp. Calculated %o
C 177.36; H 11,36; N 11.28.

The dihydrochloride, recrystallized from alcohol, melted at 218-218.5° and did not give off nitrogen
in reacting with nitrous acid, The picrate had m. p. 168 -168,5° (from alcohol).

oamylputrescine. In one of the experiments a mixture of 0.050 mole (5 ml) putrescine, 0.05 mole
hydrogen chloride, 7.85 ml water and 0.056 mole (6.1 ml) of isovaleric - aldehyde in 55 ml of alcohol
was hydrogenated in the presence of platinum black prepared from 0.5 g platinic oxide, In the course of
100 minutes, 1,17 liters of hydrogen was absorbed (calculated 1.25 lters). After removal of the platinum
and alcohol, the reaction mixtute was treated with alkali and the free bases were extracted with ether. The
- ibstance obtained in 4 identical experiments was vacuum-distilled. Yield 0.103 mole (16.34 g) of isoamyl-

+ The putrescine was fused before the experiment.

+* A quantity sufficient to dissolve the putrescine hydrochloride.
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puirsscise b e of 85.4-90 4° (6 Tom) and at 93.8-94.6° (8 mm) (the literature gives
95-96° at 10 mm); yield 51%, The dipicrate of this base melted at 173-174 the dihydrochloride at rf@z'
Both salts were identified with the salts of putrescine which were previously prepared [1),

SUMMARY

) For the purpose of obtaining substances, showing combined hypotensive and nerve stimulatory pro-
perties, we synthesized two new compounds: di-N, N'-(1-benzylethy})putrescine (1) and N -isopropyl-N'-
(1-benzylethyl) putrescine (II). Both are less active sti than is i
and show less prolonged hypotensive action than does N, N*-diisopropylputrescine. i}

LITERATURE CITED

[1] A. A, Ryabinin and E, M. Ilina, J, Phys, Chem., 26, 406 (1953).
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FRITILLARIA ALKALOIDS

1. ALKALOIDS OF FRITILLARIA RADDEANA RGL.

Kh. A. Aslanov and A. S. Sadykov

One of us together with Lazuryevsky [1, 2] has shown that the bulbs of F, Raddeana (local name “alvan®)
contain a considerable amount of alkaloids. From the total alkaloids found here we isolated a new crystalline
base, which we named raddeanine, having m. p. 255-257" and empirical formula Cy;Hs (= N) (OH). In
this communication we give the results obtained by us in separating the whole alkaloidal mixture.

The plant bulbs for our work were harvested in 1952 near the Kara-Kala station in Turkmen : SSR in the
carly part of May and toward the end of July. It was found that the plants that were harvested in May had &
higher alkaloldal content (0.85-0.90%) than did those that were harvested in July (0.70-0.75%). It is interesting
to mention that the content of the main alkaloid, raddeanine, in the total alkaloids was greater in July (64%)
than it was in May (42%). This shows the considerable changes present in the composition of the alkaloids and
in their total amount in the plant as a function of the vegetation period.

The total alkaloidal content was'isolated in the usual manner: extraction with dichloroethane, washing
the dichloroethane extract with 10% sulfuric acid, and precipitation of the alkaloids as a yellow powder from
acid solution with ammonia, Repeated recrystallization of the mixed alkaloids from alcohol and washing with
acetone enabled us to obtain raddeanine with m. p. 265-266°,

Raddeanine s  saturated tertiary base and fails to contain the N-methyl group. It is optically inactive.

It gives a number of well-crystallizing salts and derivatives (Table 1). The analytical data for raddeanine
{1self, as well as for its salts and derlvatives, in contrast to the original formula (2], show good agreement
with the formula CagHsy ( =N) (OH). The hydroxyls in raddeanine appear as alcohol groups; depending on
the conditions, they behave differently when acylated, When reacted with acetyl chloride in the cold the

1 is obtained, while ine is obtained when the mixture is heated, The
heating of raddeanine with benzoic anhydride yields the monobenzoyl derivative, Reaction with benzoyl
chioride, in the presence of pyridine, leads to dibenzoylraddeanine, which when saponified with 45% sulfurlc
acid again reverts back to raddeanine.

From the acetone and alcchol mother liquors, after removal of the raddeanine and prolonged treatment,
we isolated 5 more new crystalline alkaloids (Table 2).
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TABLE 1

Salts and Derivatives of Raddeanine,

Melting polnt | __ Composition | Analytical results
Hydrochloride 170-171° | CuHisgOaN-HC1 | Found %: N 3.39, 3.25; C18,10, 8.75.

M 408.1, 405.7. Calculated %
N 3.42; C18.64. M 409,5.

Perchlorate 206-207 CyuHggOsN - HC10, | Found %: N 2.80, 2.94. Calculated %:
i N 2.95,

Methiodide 250252 | CubasON .CHl |Found % N 2.85,2.79; I 24.62, 24.55.
! Calculated %: N 2,72, 124.66.

Chloroaurate 130-132 -

Monoacetyl derivative 115-116 | Found % C 75.34, 75.63, 75.18; H
10.13, 10.08, 10.28; N 3,38, 3.51.
Calculated % C 75.19; H 9.88;
N 3.37.

|

Diacetyl derivative 172-174 CagHasON Found % C 73,23, 73.18; H 9,55,
9.66; N 3,13, 3.20, Calculated
% C 73.52; H 9.41; N3.06.

Monobenzoyl derivative 236-237 CyyHggOyN Found % C 77,98, 77.87; H 9.10,
9,25; N 2.85, 2,91, Calculated
% C 17.98; H 9,02; N 2,93,

Dibenzoyl derivative 190 -192 CyghysON Found % N 2,21, 2.30. Calculated
Yo N 2,41,

EXPERIMENTAL

Isolation of total alkaloids. Isolation of the alkaloids was performed by the usual method; from 7.5 kg
of bulbs harvested In May 60 g of alkaloids was isolated and from the same amount of bulbs collected in
July we isolated 47 g.

Resolution of total alkaloids obtained from bulbs harvested in May, 60 g total alkaloids was repeatedly
recrystallized from alcohol; the crystals so obtained were recrystallized from alcohol; the crystals then had
m. p. 257-259° (with decomp.) and weighed 14 g. The crystals were washed with acetone in the cold,
separated and repeatedly recrystallized from alcohol, The crystals thus obtained were thoroughly homo-
geneous crystals of raddeanine in the form of colorless prismatic needles with m, p. 265-266°, From the
alcoholic mother liquors, after driving off the alcohol and treatment with acetone, was obtained 2 g
more of raddeanine with m. p. 256-259°.

In the acetonic mother liquors, _after driving off the solvent, a yellowish powder remained which
was dissolved in 10% hydrochloric acid and precipitated with ammonia in the form of a colorless povder
(40 g). The powder was treated with petroleum ether with heating. After the solvent had been driven off
until a small volume of solution remained, cooling brought down 0.3 g of crystals. The crystals were
separated, washed and recrystallized from petroleum ether, Colorless crystals were obtained with m. p.
245-247° (with decomp.) ("Base No, 5%). A mixed sample with raddeanine melted at 234-236°.

TABLE 2

New Alkaloids Isolated from Fritillaria Raddeana Rgl.

[Content in | Melting point | Composition ‘Analytical results
i total v
alkaloids k
(in %)
Raddeamine 1.83 271-272° Caghigs 0N Found %: C 76.64, 76.54;
11040, 10.47; N 3.95,
3.87. Calculated %: C
76.88; H 10.31; N 3.90.

Raddeamine hydrochloride 235-236 CagHyyOpN - | Found %: C19,14, 9,09,
HC1 M 388.5, 3%0.4, Cal-
culated % C18.98;
M 395.5.

Alvanine . 185-187 CagHisOyN Found %: C 14,74, 74.61;
H 10,39, 10.54; N 3.45,
3.45, Calculated %:

C 74.83; H10.31;

N 3.36.

Alvanine hydrochloride 163-165 . Found %: C1 17.86, 8.09.
M 453.8, 451,6. Cal-
culated %o

M 453,

Alvanidine o 235-236 CyHyyOpN Found %: C 75,34, 74.87;

H10.40, 10.51; N 4.31,
4,35, Calculated %: C
75.23; H 10.34; N 4.39,

Alvanidine hydrochloride I 174-175 CyHyON+ | Found %: C19.98, 10.10;
HC1 M 355.8, 351.6. Cal-
culated %: C19.99;
M 355.5.

Ease No, 5 . 245-247 -

Hydrochloride of Base
No. 6 197-199

After treatment with petroleum ether, the residue was extracted with benzene for 20 hours in a con-
tinuous extraction apparatus, From the portion insoluble in benzene (26 g), after removal of resins (by
repeatedly washing with acidic chloroform solution), precipitation of the alkaloids with ammonia solution
yielded a yellow powder, The latter was dissolved in chloroform, extracted with 5% hydrochloric acid
solution and precipitated with 15% ammonia solution, Three repatitions of this operation and recrystalliza -
tion from alcohol yielded raddeanine with m, p. 258-260° (4 g). From the alcoholic mother liuor, after
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removal of the solvent, was obtained a pale-yellow powder (14 g), which was very readily soluble in all
ordinary organic solvents. Individual substances could not be isolated from it, Evaporation of the benzene
from the benzene extract yielded a brownish-yellow powder (12 g). The powder was dissolved in 7% hydro-
chloric acid and precipitated with ammonia, The precipitate was boiled with benzene (4 times with 35-ml
portions), The portion soluble in benzene (4 g) was a yellowish powder which was treated with cold acetone
and the residue was recrystallized from alcohol; 2 g of raddeanine was thus obtained with m. p. 259-260°,
The acetonic mother 1i1u0T was concentrated to low bulk and set aside overnight; crystals came down
(1.1 g) which,after two recrystallizations from acetone, had m, p, 271-272° (raddeamine), A mixed sample
with raddeanine melted at 227-229°, A mixture with “Base No, 5" melted at 235-238°,

After boiling with benzene, the residue was treated at the boil with a mixture of acetone and methyl
alcohol, Upon standing, crystals came down from the solution, After two recrystallizations from alcohol
raddeanine was obtained with m. p. 254-260° (3 g).

The portion which was insoluble in a methanol -acetone mixture was dissolved with heating in ethyl
alcohol; after evaporation of the alcohol to low bulk and prolonged standing at room temperature, crystals
(0.8 g) came down from the solution and after 2 recrystallizations from alcohol, had m. p, 235-236°
(alvanidine). A mixed sample with raddeanine melted at 230-232°, A mixture of alvanidine and raddeamine
melted at 231-234°, In mixture with "Base No, 5%, alvanidine melted at 221-224°, From the alcoholic
mother  liquors, no crystalline bases could be obtained.

Resolution of total alkaloids obtained from bulbs harvested in July. From 50 g total alkaloids by means
of tecrystallization from alcohol, 27 g of raddeanine was isolated with m. p. 259-260°, which after suitable
treatment yielded raddeanine with m, p. 265-266°, The mother liquors were combined after separation of
raddeanine and the solvents were driven off. The residue was dissolved in 7% sulfuric acid and precipitated
with ammonia in the form of a colorless powder, The latter was boiled several times with petroleum ether,
The petroleum ether was driven off until the residue was dry and the latter was treated with 5% hydrochloric
acid solution; almost half of the mass (0.45 g) remained insoluble in the form of the hydrochloride, which
after recrystallization from water melted at 197-199° ("Base No, 6"), From the acidic solution, upon
neutralization with 15% ammonia, an amorphous powder (0.3 g) came down, m. p. 165-172° (with decomp.);
it could not be obtained in its crystalline state,

After treatment with petroleum ether, the residue was boiled several times with benzene, From the
benzene solution, after driving off the solvent until a small volume remained, upon standing, crystals (3 g)
came down which upon recrystallization from alcohol, yielded raddeanine with m. p. 269-260°. The benzene
mother  1iquor, after separation of crystals, was evaporated to dryness and treated with cold acetone. From
the portion which was insoluble in acetone was obtained raddeanine, m. p. 256-259° (2 g) by recrystallization
from alcohol, After driving off the solvent until a small volume remained, long standing (for a month) gave
crystals (0.65 g) which after recrystallization from acetone had m. p. 185-187° (alvanine). From the portion
which was insoluble in boiling benzene (12 g) and which was in the form of a brown powder, no crystalline
bases could be obtained,

Raddeanine was readily soluble in chloroform and in dichloroethane, more difficultly soluble in
alcohol and in acetone, very difficultly soluble in benzene and insoluble in water, ether, in alkali and
ammonia solutions. It could not be hydrogenated with hydrogen in the presence of Ni and Pt or with sodium
in alcohol, For analysis, raddeanine was taken with m. p. 265-266°, vacuum-dried (1 mm) at 80-90° for

2 hours,

Found %: C 77.18, 77,13; H 10.30, 10.40; N 3.78, 3.86; OH 8.29, 8,45, CyHg{ OH)N.
Calculated %: C 77,21; H 10.46; N 3.75; OH 9.12.

Raddeamine. It was in the form of crystals, m. p. 271-272°. It was readily soluble in chloroform,
dichlorcethane and in alcohol, more difficultly — in acetone and insoluble in ether and in water, It gave
only the crystalline hydrochloride.

roved for Release 201

5 mi of 5% hydrochloric acid solution was added to 0,1 g of base and the
total mass was steamed to dryness on a water bath, The dry residue was first recrystallized from water and
then from alcohol; crystals were obtained with m. p. 234-235°. The hydrochloride was difficultly soluble
in water, more readily in alcohol,and practically insoluble in acetone,

Alvanine, Coarse lustrous crystals with m. p. 185-187°, It was readily soluble in chloroform and in
dichloroethane, sparingly in acetone, insoluble in ether, water and in petroleum ether, It gave a hydro-
chloride which crystallized well,

Alvanine hydrochloride, The base was dissolved in alcohol and to this was added an alcoholic solution
of hydrogen chloride until an acid reaction was obtained on Congo, The alcohol was driven off on a water
bath until a dry residue remained, The dry residue was recrystallized from anhydrous alcohol; crystals

came down with m, p, 163-165°,

Alvanidine. The base was in the form of white granular crystals with m. p, 235-236°, It was readily
soluble in chloroform and in dichloroethane, more sparingly soluble in methyl and ethyl alcohols, very
sparingly soluble in acetone and practically insoluble in ether and in water. It gave a hydrochloride which
crystallized well,

Alvanidine hydrochloride, 0.05 g base was dissolved in 5 m1 alcohol and to this was added an alcoholic
solution of hydrogen chloride until an acid reaction was obtained on Congo. After evaporating off the
alcohol in vacuum, a white powder remained which after recrystallization from a mixture of anhydrous
alcohol and dry acetone had m, p. 174-175°,

SUMMARY
1. The bulbs of F, Raddeana, harvested in May, have a higher alkaloidal content (0.85-0.90%) than
do those that were harvested in July (0.70 -0.75%).

2. The amount of raddeanine in the total alkaloids varies as a function of the harvesting season, The
bulbs of the plants harvested in May, contain only 42% raddeanine; those that were harvested in July of the
same year show a raddeanine content of 64%, based on the total amount of alkaloids.

3. In addition to raddeanine, 3 new crystalline alkaloids were isolated from the bulbs, for which the
empirical formulas were determined: raddeamine CogHysO;N, alvanine CpgHggQyN, and alvanidine CaoHysOpN,
and also “Base No, 5" with m, p. 245-247°, and " Base No, 6" (isolated as the hydrochloride), As a result,
it was established that the bulbs of F. Raddeana contain, besides raddeanine, at least five other alkaloids.

4. The earlier found empirical formula for raddeanine was corrected. It was shown that it has the
composition CogHygNO,.
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HEXAALKYLDISILANES

M. G. Voronkov and Yu, Khudobin

Based on existing literature data the synthesis of hexaalkyldisilanes RySiSiRy (R = alkyl) can be realized
by two paths: a) the reaction of hexaha with either or
[1-5] in accord with the scheme:

_» SigRg +6MgX;

SigXq

> S1,Rq + 3ZnX,

and b) the reaction of trialkylhalosilanes with metallic sodium in the absence of solvent [6, 7] by the scheme:

2R;3SiX +2Na — RySiSiR3+ 2NaX (X = Cl,Br).

With all of the described methods for the synthesis of hexaalkyldisilanes the yields of these compounds
usually fail to exceed 50-54%, and it is only in the experimentally difficult reaction of dimethylzinc with
hexachlorodisilane, carried out in a sealed tube at 80° in the presence of ethyl ether [4], that a yield of hexa-
methyldisilane approaching 74% is achieved,

The higher hexaalkyldisilanes, with the alkyl radicals containing more than three carbon atoms, have
ot been known up to ow, * - and obviously their synthesis by existing methods should lead to low yields, since
hexapropyldisilane is already obtained with greater difficulty from isilane than fs
and its yield proves to be low [5).

In this study we investigated the possibility of he isilanes by the method of reacting
molten sodium with the recently made readily available trialkyliodosilanes (8], in accord with the scheme

2RyS11+2Na —> 2Nal~+ R3SiSiRs.

* In contrast, the hexaaryldisilanes have been described quite fully in the literature,
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In addition, we attempted to replace the sodium fn tiis reaction by other metals, phosphorus and sulfur,

¢ sodium has been realized only on the single

Up to now the reaction of trialkylhalosilanes with metaili
n identical yleld (54%) from either the tri-

example of synthesizing hexaethyldisilane, which was obtained i
lane [6] or the tri ilane [7].

an the corresponding

We hoped that the use of the trialkyliodostlanes, being much more reactive th
lanes, and also make it

chlorides and bromides, would lead to considerably higher yields of the hexaalkyldisi
possible to easily obtain the higher members of this series,
Our attempts to cleave iodine from the trialkyliodosilane by heating the latter with a number of metals,
sulfur or phosphorus, proved unsuccessful, Thus, for example, in contrast to the fodasilane HStl [9], the
i lane remained under prolonged boiling with either sulfur or phosphorus.
Also, complete failure to react was observed when the triethyllodosilane was heated with either aluminum,
magnesium, zinc, mercury o copper in nitrogen-filled sealed ampoules at 140 -150" for 40 hours.

At the same time, in accord with the data of Eaborn [10], we found that the riethyliodosilane reacts
with magnesium in absolute diethyl ether medium to form some sort of organomagnesium compound. A study
of this reaction revealed that it leads to the formation of ethylmagnesium iodide, since the triethyliodosilane,
under heating, and slowly even in the cold, easily cleaves the ether into ethyl fodlde and hexaethyldistloxane
(749 yield) by the scheme:

(CoHy)sSil + (CoHg)yO — (CHg)sSIOC;H; + CoHs i
(CeHs)gS10C;Hy + (CoHg)sStT = (CaHy)sSi—O—Si(CoHy)s + CoHs].

Since the main reaction product of the triethyliodosilane with diethyl ether proved to be hexaethyldisiloxane,
and not triethylethoxysilane, then it could be assumed that the latter reacts with the triethyliodosilane fn ether
medium more easily than does the ether self. Actually, a study of the reaction of triethyliodosilane with
triethylethoxysilane revealed that they easily react by the scheme given above, forming hexaethyldisiloxane and
ethyl fodide (both in 91% yield), These results led us to the discovery of a general reaction for the cleavage of
alkoxysilanes (and also of ethers) by iodosilanes, leading to the formation of alkyl lodides and the corresponding
siloxanes, in accord with the scheme:

\,
SSi—OR=+sil RI+>si—0-5i<

which was confirmed by us on a number of other examples, A similar reaction, proceeding however only in
the presence of catalysts, has also been described for the chlorosilanes [12].

As a result, the opinion [10,, 11 prevailing in the literature that the fodosilanes with magnesium in ether
medium can give organomagnesium silicon compounds is untenable.

We further found that both the lower and higher trialkyliodosilanes react smoothly with molten sodium
in the absence of solvent, forming here the corresponding hexaalkyldisilanes in 70-80% yield. In this connection
the higher trialkyliodosilanes show slower reaction with sodfum than do the lower members (see table). The
yields of the and isilane (78-80%) are y higher than by the earlier used
methods for their preparation, In particular, the yield of hexaethyldisilane is 25% greater than in its synthesis
from either the triethylbromo- or triethylchlorosilane [6, 7]. When we reacted tri-n-butylchlorosilane with
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Hexaalkyldisilanes RySiSiRy
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Boiling point of impure

|

product (%)

Yield of
impure

Duration of’
réaction
(in hours)

2
K
3
i

|
|

235—236 (0.5 mm)

108—113°
119—120 (7 mm)
186—190 (1.5 mm)
186—187 (2 _mm

2 0.8300, n} 1.4759.

1.4229.

(uras uy)

aImssald

113.0° (760 mm), dP 0.7272, n}}

187.5—188.5
185.9—186

235—236

re the present study we synthesized
six hexaatkyldisilanes, three of them being previously
unknown, The duration of reaction, the yields of
the obtained hexaalkyldisilanes, their analysis data,
and their physical properties are all given in the
table.,

Al of the hexaalkyldisilanes synthesized by
us are colorless viscous liquids with characteristic
odor. It is interesting to mention, in contrast to
the hexaaryldisilanes [13], that the hexaalkyldisilanes
fail to evolve hydrogen even when boiled with efther
water or alcoholic caustic, or with aqueous organic
bases. Also, they fail to dissolve in concentrated
sulfuric acid and are not decomposed by it, which
fact can be used to separate the hexaalkyldisilanes
from hexaalkyldisiloxane impurities,

EXPERIMENTAL

Starting reagents. The trialkyliodosilanes
were prepared either by the reaction of hexa-
alkyldisiloxanes with iodine and aluminum or
else by the action of fodine on trialkylsilanes.

Tributylchlorosilane was prepared by the
reaction of hexabutyldisiloxane with aluminum
chloride [8] and had b, p. 242-243° (750 mm),
42 08793, n® 14471,

Triethylethoxysilane was prepared by the
reaction of triethylsilane with absolute ethyl
alcohol [14] and had b, p. 154,0° (760 mm),

4f* 0.8160, n}y 14140

Commetcially pure metallic sodium,
magnesium, aluminum, mercury, ‘copper, zinc
and also fodine, sulfur and red phosphorus were
used.

Petroleum ether with b, p. 50-80° was
putified by prolonged mechanical shaking with
a mixture of sulfuric acid and oleum and aftér
washing and drying was distilled over metallic
potassium.

Special attention was given to the purifi-
cation of nitrogen from traces of moisture and
admixed oxygen which would cause the formation
of - side products = Loxane:
For this purpose cylinder nitrogen (97% Ng) was
freed of oxygen by passage through a saturated
solution of NH,C1 in NH,OH in the presence of

Literature data [17}: b

molten sodium the yield of hexa-n-butyldisilane (47%) was 17% less than in its synthesis from tri-n-butyl-
iodosilane (647%).

Consequently, our studied reaction of trialkyliodosilanes with molten sodium is a convenient general
method for the preparation of hexaalkyldisilanes, which is based on readily available reagents and s characterized
by high yields of the final products.

copper thread [15] after which it was passed
through absorbers with 50% HgS O, solid KOH,
conc. HySO, PO, a column filled with sodium
wire and finally, through a test tube with fused
sodium,

= Literature data [T]: b.p. 248-250° (735 mm), 87-89° (2.5 mm), d.
«++ Literature data (5} b.p. 114° (3 mm), ¥ 0.8093, nf} 1.470.
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ilane) with

Analytical method. All the reactions of tria (and also of tr
sodium were carried out in a thick-walled round-bottomed 250 ml 3-necked flask fitted with reflux con-
denser, high -speed mechanical stirrer with mercury seal, dropping funnel and nitrogen inlet, The reflux
condenser was connected to a Tishchenko bottle with concentrated sulfuric acid,

Into the nitrogen-filled reaction flask was placed metallic sodium (molar ratio Na : ReSiX = 2), and
the flask was then heated on a polysiloxane bath to 130-140°, The corresponding trialkyliodosilane was
introduced drop-wise in the course of 30-45 minutes with energetic stirring into the fused sodium and the
flask was further heated at the cited temperature for 5-25 hours (depending on the structure of the initial
trialkyliodosilane). All syntheses were carried out in a stream of pure dry nitrogen (rate of 4-5 bubbles
per minute),

When the reaction was complete, the hexaalkyldisilane was extracted from the reaction mixture with
four 80100 ml portions of petroleum ether, The precipitate of metallic sodium and sodium iodide was
filtered off in a nitrogen atmosphere, washed with petroleum ether and was rapidly dissipated. After pet-
roleum ether was driven off from the combined filtrate, the remaining hexaalkyldisilane was distilled over
metallic sodium or potassium in a column with an efficiency of 12 theoretical plates (the higher hexaalkyl-
disilanes were distilled in vacuum).

The method for determination of the physical constants and the accuracy of their determination was
previously described [16]. For determination of constants, all the substances were given a repeated distilla-
tion in the column and the intermediate portions of the constant boiling fractions were taken off,

Determination of silicon in the hexaalkyldisilanes was carried out by the method of wet combustion
with a mixture of fuming nitric acid and oleum, As an example we present a description of the synthesis
of hexa -n-butyldisilane.

Synthesis of hexa-n-butyldisilane. a) 65.3 g (0.2 mole) of tri-n-butyliodosilane was added drop-wise
Synthesis of hexa-n-butyldlsiane. g ( Y P

in the Course of 45 minutes with vigorous stirring to 9,66 g (0.42 mole) of fused sodium and the mixture was
then heated and stirred at 130-140° for 10 more hours, Fractional distillation of the reaction products
separated by extraction yielded 25,6 g hexa-n-butyldisilane with b, p, 185.5-190° (1.5 mm), i.e., 64.2%.
When the above reaction was carried out for 5 hours the yield of hexa-n-butyldisilane was 15.8 g (39.6%).

b) 47.0 g (0.2 mole) tri-n-butylchlorosilane was added drop-wise in the course of 30 minutes with
vigorous stirring to .66 g (0.42 mole) fused sodium, After this, the mixture was heated and stirred at
130-140° for 35 hours. The yield of hexa-n-butyldisilane, isolated the usual way, b, p, 187-193° (1.6 mm),
was 18.6 g (46.6%).

Reaction of ti dosil with aluminum, copper, zinc, mercury. 12.1g (0,05 mole)
of triethyliodosilane and 0.2 mole powder of one of above metals were heated in a sealed ampoule, filled
with dry pure nitrogen at 140 -150° for 40 hours, Distiilation of the contents of the ampoule showed that in

i remained completel

all cases tri

Reaction of triethyliodosilane with sulfur and A mixture of 24,2 £ (0.1 mole) triethyliodo-
silane was boiled in a nitrogen atmosphere for 24 hours with 0.2 mole sulfur powder or with red phosphorus,
Tn both cases distillation of the reaction mixture yielded unchanged triethyliodosilane,

Reaction of triethyliodosilane with diethyl ether. A solution of 12.1 g (0.05 mole) triethyliodosilane in

22.2 g (0.3 mole) absolute diethyl ether was boiled in a nitrogen atmosphere in a round-bottomed flask fitted
with a reflux condenser, Distillation of the reaction mixture yielded 4.5 g (74.8%) hexaethyldisiloxane with
b. p. 225-235°, n2 14339, The lower-boiling fraction with b. p. 34-72° which consisted of ether and ethyl
todide reacted with magnesium to form C;HgMgl which gave off ethane when water was added,

Reaction of triethyliodosilane with triethylethoxysilane, 18.2 g (0.075 mole) wriethyliodosilane and
12,0 g (0.075 mole) triethylethoxysilane were heated to a slight boil in the course of 20 hours in a 50 ml
distilling flask fitted with a 20 cm Vigreux column; 10.6 g (91%) ethyl iodide with b, p, 72-73° was driven
off. Distillation of the residue yielded 15.9 g (91%) hexaethyldisiloxane with b, p, 230-238°, nf 1.4341
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SUMMARY

A method was developed for the synthesis of hexaalkyldisilanes via the reaction of trialkyliodosilanes
with molten sodium, With this method six hexaalkyldisilanes were synthesized in yields up to 80%, three
of which were previously unknown. It was shown that triethyliodosilane reacts with diethy] ether and with
i ilane, forming isiloxane in both cases.
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SYNTHESIS OF p-DIVINYLBENZENE

1. M. Ezrielev, N. A. Larin, O. M. Neimark and Z. D. Tolstikova

p-Divinylbenzene was first synthesized by Ingle in 1894 [1] by the vacuum-distillation of 1, 4°-dibromo-
1, 4-diethylbenzene with quinoline, the former in turn obtained by the sodium amalgam reduction of 1, 4-
diacetylbenzene, with subsequent treatment of the intermediate 1°,'4’-dihydroxy-1, 4-diethylbenzene with
hydrogen bromide (at 0° in acetic acid medium). Since then other methods for the synthesis of pure p-divinyl-
benzene have not been mentioned in the literature, Meanwhile, 1, 4-divinylbenzene began to attract the
attention of investigators as a webbing agent in polymerization, Thus, Staudinger [2] and others [3] mention
that the presence of traces of p-divinylbenzene in styrene (0.002-0.003 %) produces the formation of a
three -dimensional’ polymer in the polymerization of the latter.

The of p-dil is used as a method for the preparation of a technical
p-divinylbenzene concentrate, However, such a simple method cannot be used for the preparation of pure
p-divinylbenzene, since the starting p-diethylbenzene can always contain the o- and m-isomers as impurities,
all of them boiling within 1-2° of each other and being practically inseparable,

We i i om acid as the starting material; treatment of the acid
with PCIg in POCly medium gave the dichloride which was condensed with acetoacetic ester in the presence
of alcoholic sodium ethylate solution to give the terephthaloyldisodiodiacetoacetic ester (1). The sodio de-
rivative of the ester with 5% sulfuric acid solution was converted into the free terephthaloyldiacetoacetic ester
(1), and the latter was saponified with 10-13% alcoholic ammonia solution to the terephthaloyldiacetic ester
().

CH3COCNaCOOC,H;5 CH;COCHCOOCgHs

COCH,COOC;Hg
N

co
I —

0 | 2 -

% OCH,COOC;Hs.

! am
CH,COCIEJ';COOCgH_; CH;COCHCOOCgH;;
a

The lelephxhaloyldlaceuc ester obtained in this manner was then saponified with 10% sulfuric acid to
i the p-di was reduced with aluminum isopropoxide to 1!, 4'-dihydroxy-1, 4-
diethylbenune and the latter was dehydrated over aluminum oxide to 1, 4 -divinylbenzene:
COCH, CH(OH)CHj CH=CH,
AN 7 PPN
—_— 2,
l | wA | [N |

N . N\,
C(/)CH.‘ H(OH)CH3y CH=CH,.
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The scheme shown here for the synthesis of p-divinylbenzene, including the step of obtauiing the
p-diacetylbenzene, represents the synthesis of the latter by the Berend and Herms method [4]. However,
we came to make some changes and improvements in the operation of the process, The synthesis was run
by a different method for the step p » Thus, instead of using
sodium amalgam for the reduction of 1, 4-diacetylbenzene we used aluminum isopropoxide [5], and
further, instead of the processes used by Ingle of i and on of
the intermediate products, we used the method of the catalytic dehydration of 1', 4*-dihydroxy-1, 4-
diethylbenzene, in that way simplifying somewhat the complicated scheme for the synthesis of p-divinyl-
benzene,

EXPERIMENTAL

Synthesis of terephthaloyldiacetoacetic ester, 52 g acetoacetic ester was placed in a 3-necked flask
and through side tubes was slowly introduced sodium ethylate (18,4 g Na in 320 ml anhydrous alcohol) and
a solution of 46.6 g terephthalyl dichloride * in 800 ml absolute ether with continual mixing and cooling.
The reaction mixture was then held for 18 hours at 0°,

The yellow crystalline precipitate which formed upon standing was filtered off and dried, The dried
product was then mixed with ice water to which 5% sulfuric acid was slowly added with mixing until the
reaction mass changed from yellow to milk-white,

The free terephthaloyldiacetoacetic ester was isolated at first in the form of curds which after standing
for 3-4 hours became crystalline in structure, After washing and drying, the product was recrystallized from
alcohol, M, p. 101-102°, Yield 70%,

of i ic ester to \diacetic ester, In a round -bottomed
flask was placed 40 g terephthaloyldiacetoacetic ester and 200 ml 10% alcoholic solution of ammonia, The
reaction mixture was heated for 1 hour to 60°, then cooled and kept for 18 hours in a refrigerator. The pre-
cipitate which came down upon standing was filtered off and treated three times with ether. The total
ethereal extract was washed with water. After the ether was driven off, the product recrystallized from
alcohol, M. p. 69-70°. Yield 65%.

Hydrolysis of iacetic ester in p-d . 15g facetic ester
and 150 m1 10% sulfuric acid were placed in a d -be d flask fitted with i stirrer. The
mixture was heated with reflux condenser on a glycerin bath at 101-102° for 7-8 hours until the evolution
of CO; ceased. After hydrolysis, the still hot solution was rapidly filtered and then the filter was washed
with 3% aqueous solution of NaOH (100-200 ml). Upon cooling, white acicular crystals came down from
the filtrate which after drying, had m. p. 114-114.5°, The yellowish residue on the filter was dried and
recrystallized from hot alcohol and crystals were obtained with m. p, 113-114°,

The total yield of product reached 74%,

Reduction of 1, 4 to 1', 4'-dihydroxy-1, 4 -di . In a round -by d
flask was placed 75 g 1, 4-diacetylbenzene and a solution of aluminum isopropoxide in isopropyl alcohol
(9 g Alin 300 ml fsopropyl alcohol).

The reaction mixture was heated until the acetone was driven off and then treated with ice and water,
acidified with hydrochloric acid. The product was extracted with ether which was driven off in the cold

* Prepared from terephthalic acid and PClg in a yield of 86-87T%,

oved for Release 2010/

07/20 : CIA-RDP81-01043R000400050005-3

under the slight vacuum of a water-jet pump. The crude product thus obtained was an orange ofl with a
distinct odor and,according to Fairley, contained 10% 2¢, 4'-dihydroxy-1, 4-diethylbenzene, The crude
product could not be purified since at 115-116° (4 mm) the substance almost completely resinified.

Preparation of p-divinylbenzene, 25 g of crude 1', 4'-dihydroxy-1, 4 -diethylbenzene was passed for
30 minutes from a biuret into a quartz tube (800 mm long, internal diameter 11 mm), filled with 25 g of
finely granulated aluminum oxide,

The dehydration process was carried out at a tube furnace temperature of 280-300°. 3 g of white
crystalline product was obtained which (after prolonged drying over CaCly), according to Kaufman, con-
tained 99,3% 1, 4 -divinylbenzene. Yield about 22%, M. p. 30°.

Found %: C 92.12, 92.06; H 7.87, 7.9, CyoHy, Calculated %: C 92.31; H 7.69.
SUMMARY
A method was described for the synthesis of p-divinylbenzene from terephthalic acid via its transition
into p-diacetylbenzene, followed by the reduction of the latter with aluminum isopropoxide to 1!, 4'-
dihydroxy -1, 4-diethylbenzene and the dehydration of this diol over aluminum oxide.
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SELECTIVE DEHALOGENATION OF DICHLOROACRIDINES WITH THE AID OF
SKELETAL NICKEL

V. S. Fedorov

Catalytic reductive dehalogenation in the presence of skeletal nickel has been insufficiently studied.
According to literature data, it does not seem possible to evaluate the ability of skeletal nickel for selective
dehal ion even in ining two halogen atoms that differ sharply in their mobility.
Nevertheless, the removal of the more labile halogen atom of the two present in a compound is of practical
interest,

The subjects that seemed of interest to us for selective dehalogenation via catalytic hydrogenation
were a number of dichloroacridines,

As is known [1, 2], a halogen in the 9 position of acridine is extremely labile. This permitted us to
consider the possibility of selectively removing the halogen in the 9 position from, for example, the 3, 9-
dichloroacridine molecule.

It is asserted in the literature that the preparation of 3-chloroacridine by the reductive dehalogena-
tion of 3, 9-dichloroacridine cannot be realized with the aid of skeletal nickel, since it appears as though
both of the halogen atoms are cleaved simultaneously.

Recently, a new method was proposed for the dehalogenation of substituted 9-chloroacridines. With
this method the substituted 9-chloroacridine is reacted with p i in
heating of the addition product with dilute alkali gives the corresponding substituted acridine in good
yield [3].

As the result of our reductive ion of 3, idine in the presence of skeletal
nickel, takenin a 1: 1 ratio, and 1 equivalent of potassium hydroxide, with introduction of hydrogen from
without, in alcohol medium, we were able to obtain 3-chloro-9, 10 -dihydroacridine as the main reaction
product,

The secondary product isolated from the reaction mixture was 3, 3'-dichlorobiacridyl.

To prove the position of the halogen atom in the chloroacridine obtained by us, we converted it into
the chloroacridone by oxidation with sodium dichromate under heating in glacial acetic acid *.,

+ The preparation of the 8-acridone in good yield by the direct oxidation of the acridine has not been
successful [6].
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Treatment of the chloroacridone with phosphorus oxychloride gave the starting 3, 9-dichloroacridine.

The selective n of 2-methoxy-6, 9-di was realized by us under the same
conditions, using 1 equivalent of potassium hydroxide, the same as in the dehalogenation of the 3, 9-dichloro-
acridine. Here the main reaction product was hoxy -6 -chloro-9, 10 -di ine, obtained in 41%
yield.

The oxidation of 2-methoxy -6-chloro-9, 10 -dihydroacridine with ferric chloride in dilute hydrochloric
acid gave us 2-methoxy-6-chloroacridine in 53.6% yield. In the presence of 2 equivalents of potassium hydroxide
the main reaction product was 2-methoxy-9, 10-dihydroacridine, isolated in 81% yield, Here the formation
of the dimethoxydichlorobiacridyl was not revealed.

The oxidation of 2-methoxy-9, 10 -dihydroacridine with ferric chloride in dilute hydrochloric acid gave
2-methoxyacridine.

EXPERIMENTAL

3-Chloro-9, 10 -dihydroacridine. 1,86 g 3, 9-di idine (m. p. 166-167°) [8] was dissolved with
heating in 600 ml methanol, Upon cooling, 0.42 g KOH and 1,85 g nickel slurry were added to the solution.
The mixture was hydrogenated in a hydrogenation bottle while being mixed in a shaker; hydrogenation lasted
45 minutes,

The reaction mixture was filtered and the catalyst was washed with methanol, Upon standing, pale
cream-colored needles (from filtrate) came down and were filtered off, washed with water, dried and weighed
0.07g. The substance was dissolved in 4 ml pyridine with boiling, the solution was treated with charcoal,
filtered; the filtrate was diluted with a two-fold volume of water; the precipitate which came down was filtered
off, washed with water and dried. Yield 0.06 g of substance, m. p. 355-357% its mixed sample with known
3, 3'-dichloro-9, 9'-biacridyl [4] melted without depression, Methanol was driven off from the alcoholic
filtrate until 25 ml volume remained, the precipitate which came down was filtered off, washed with methanol
and then with water, Reprecipitation of this precipitate from pyridine yielded a further 0.08 g of 3, 3'-dichloro-
9,9"-biacridyl.

After separation of the dichlorobiacridyl, the filtrate was diluted with water, the precipitate which came
down (yellowish lustrous leaflets) was filtered off, washed with water, dried and then again dissolved in methanol;
the solution was treated with charcoal, filtered, the filtrate was diluted with a two-fold volume of water, The
precipitate which came down was filtered off, washed with water, dried ; weight 1.37 g, m. p. 110-113°%. The
obtained substance was treated with 5% hydrochloric acid, the undissolved residue was washed with water and
then recrystallized from aqueous 50% methanol, The obtained yellowish lustrous leaflets had m, p. 117-118%
weight 1,06 g (66.4%).

Found %: C 72.54; H 4.47. CygHyNC], Calculated%: C 172.39; H 4.62.

The substance was soluble in the cold in benzene, acetone, methanol, ether,and insoluble in water and in
2 N hydrochloric acid,

3 -Chloroacridine, A solution of sulfuric acid, consisting of 300 m1 water and 3,88 g chemically pure
sulfuric acid was heated to the boil and to this was added 3 g of 3<chloro-9, 10 -dihydroacridine and then in two
portions, within 5 minutes, a solution of 1.8 g potassium chromate in 25 ml water, The reaction solution was
boiled for 10 minutes, A solution of 4,8 g potassium chromate in 30 ml water, heated to the boil, was then
added to the reaction solution, The mixture was boiled for 5 minutes and then set aside until the following day.

The orange-yellow precipitate which came down from solution was separated by filtration, placed in 75 ml
hot water and treated upon heating with concentrated ammonia (16 ml), The precipitate of the substance was
filtered off, washed with water and treated with 5% hydrochloric acid (40 ml), The resulting solution was
filtered free of traces of chloroacridine; after cooling, the filtrate was precipitated with dilute ammonia, The
substance which came down was washed with water and dried; weight 2,57 g, After rectystallization from 50%
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aqueous methanol, the substance was obtained in the form of iong, slender colorless needles, m, p.
132-133°; weight 2.49 g (70%).
Found %: C 172.86; H 4.02; Cl 16,78, CyHgNCI, Calculated %: C 73,07 H 3.77: Cl 16.59.
3-Chloroacridine was readily scluble in methanol, ether, benzene, acetone and insoluble in water.
3-Chloroacridine hydrochloride crystallized from dilute hydrochloric acid in the forin of slender
yellow needles, m, p. 248-249° with decomposition. The hydrochloride was readily soluble in water,
methanol and insoluble in ether, acetone and in benzene. From methanolic solution it was precipitated
with ether in the form of yellow needles,

3-Cl i 0.8gof was dissolved in 5 ml glacial acetic acid and to this was
added a solution of 0.67 g sodium bichromate in 5 ml glacial acetic acid. The solution was heated at the
boil for 4.5 hours, After cooling, the precipitate which came down was filtered off and washed with water;
yield C.1 g of substance with m. p, above 360°, The filtrate was run into cold water, the precipitate was
filtered off, washed with water ard dried at 110°, The toral yield was 0.4 g of substarce with m, p, above 360
correspondirg ia properties to 3 -chloroacridone [73. When the substance was reacted with phosphorus oxychloride,
*he usual treatment [8] yielded yellow needles, m, p. 166-167%, identical to known 3, 9-dichloroacridine,

2-Methoxy-6-chloro-9, 10-dihydroacridine, A hot solution of 1.3 g 2-methoxy-6, 9-dichloroacridine
(m. p. 162163° [9]) in 350 ml methanol was placed in a reaction bottle for hydrogenation, When the
solution was cooled to room temperature, a yellow flocculent precipitate of methoxydichloroacridine
partially came dowr., 0.26 g KOH (1 equiv.), dissoived in 50 ml methanoi and 1.3 g nickel slurty were then
added to the reaction bottle, The mixture was hydrogenated as usual with mixing on a shaker, After ab-
sorprion of 270 ml hydrogen, reduction was stopped. The catalyst precipitate was filtered off, washed with
hot meti and then treated with pyridine at the boii; substituted biacridyl was not detected at this point,

After driving off the methanol from the filtrate in vacuum at room temperature, the 25 ml of liquid
tesidue ard the precipitate which came down were placed on a filter; the precipitate was washed with water,
metharol and dried; weight 0.45 g, After 2-fold recrystallization from benzene, 2-methoxy-6-chloro-9, 10
dihydroactidine was obtained i the form of yellow needles, m. p. 185-186° [10].

Found %: N 551; Cl 14,30, CyH:;ONCL, Calculated %: N 5.70; Cl 1443,

2-Methoxy-6-chloroacridine, A solution of 15 g ferric chloride in 18 m1 5% hydrochloric acid was
added to 2 suspension of 0.7 g 2-methoxy-6-chloro-9, 10 idine in 22 m1 5% ic acid,
The mixtute was slowly heated with mixing to the boil, after which the solution was filtered while hot,
Upor coolirg, the hydiochloride salt of the substance came down. This salt was filtered off, washed with
3% hydrochloxic acid, dissolved in 15 m) water and upon mild heating, the solution was treated with dilute
ammonia. The colorless precipitate which came down was filtered off, washed with water and dried, weight
0.37g. The substance was recrystallized from methanol with charcoal, 2-Methoxy-6-chloroacridine was

“obtatzed iz the form of lemon-yellow needles, m. p. 174-175°.

Found %: Cl 14.41; N 5.60. CyHyONCI. Calculated %: Cl 14.54; N 5.74.

2 -Methoxy-6-chloroacridine was soluble in methanol, acetone, ether, benzene and insoluble in water.
In concertrated sulfuric acid it gave a yellow solution with g i
hydrochloride was obtained in the form of yellow needles, m. p. 251-252° it is soluble in water and in
methanol, irsoluble in ether, benzene and in acetone.

was dissolved in 350 ml

2-Methoxy-9. 10 1.39 g of hoxy-6,
methanol with heating, The solution was cooled to room temperature and then a solution of 0.56 g KOH in
20 ml metharol and 1.4 g nickel slurry, suspended in 30 ml methanol was added, The mixture was hydro-
genated as usual until absorption of hydrogen stopped.
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The reaction mixture was filtered, the separated catalyst was washed with hot methanol, atter wnich
it was treated with pyridine at the boil, Upon dilution of the pyridine with water, a precipitate of the
substituted biacridyl was not detected.

Methanol was driven off from the alcoholic filtrate and the residue was diluted with water. The
white substance which came down was filtered off, washed with water and dried; weight 0.85 g, m. p.
120-121°. The substance was recrystallized from methanol, (1 : 15); white flakes were obtained which
melted at 139,5-140.5% for 2-methoxy-9, 10-dihydroacridine, m, p. 139.5-140,5° is given [11].

2-Methoxyacridine. 0.85 g of methoxyacridine, obtained as described above, was suspended in 30 ml
5% hydrochloric acid, to which was then added a solution of 1.4 g ferric chloride in 18 ml 5% hydrochloric
acid, The mixture was slowly heated to the boil, After complete solution of the precipitate, the solution
was filtered while hot, Upon cooling, the hydrochloride salt of the substance came down from the filtrate,
The salt was filtered off and washed with 3% hydrochloric acid in which it was practically insoluble, The
hydrochloride was dissolved in a small volume of water with mild heating and to this solution was added
dilute ammonia; the base separated out in the form of oil which solidified upon cooling. The base was
separated, dissolved in methanol, the solution was heated with charcoal at the boil and filtered. Upon
cooling, yellow needles came down from the filtrate, The crystals which came down were separated,
washed with water and dried; weight 0,37 g, m. p. 102-108°, After recrystallization from methanol, the
substance was obtained in the form of yellow needles, m. p, 103-104°,

Found %: N 6.86. CyHyON, Calculated %: N 6,69,

The properties of the obtained substance corresponded to those described for 2-methoxyacridine [11].

SUMMARY
1. Observations on the deha of some revealed, when two halogen atoms
showing unequal mobility are present in the molecule, that the more labile halogen atom in the 9 position
can be removed via catalytic reductive dehalogenation in presence of skeletal nickel; here the necessary
condition for selective halogen removal is the use of only one equivalent of alkali,

2, It was shown that 3-chloroacridine can be obtained by the reductive dehalogenation of 3, 9-
dichloroacridine in the presence of skeletal nickel,
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DIRECT SYNTHESIS OF ARYL B-CHLOROVINYL KETONES

N. K. Kochetkov, A. Ya, Khorlin and M, Ya. Karpelsky

8-Chlorovinyl ketones show high reactivity due to the presence of a carbonyl group, an active double
bond and 2 labile chlorine atom in their molecule. In previous investigations we developed, based on 8-
chlorovinyl ketones, a number of new methods for the synthesis of aliphatic, alicyclic and heterocyclic com-
pounds [1]. However, at the present time only the simplest aliphatic B -chlorovinyl ketones of type
Alk ~CO —CH = CHCI, can be ) as being i available i of this class of
compounds, the synthesis of which was developed in detail [2] and consists of condensing fatty acid chlorides
with acetylene in the presence of aluminum chloride:

AIkCOCI + CH=CH LCI’» AlkCOCH=CHCI.

In contrast to the aliphatic B -chlorovinyl ketones, their aromatic analogs A”COCH = CHCI are con-
siderably less available. The synthesis of the latter was recently developed [3] by the scheme:

ArCOCH; -+ HCO,G;H; —=-» ArCOCH=CHONa %% A\COCH=CHCI.

and the laborious

The use of this reaction is limited by the poor availability of
nature of the method.

In this paper we communicate on the direct synthesis of aryl § -chlorovinyl ketones, analogous to the
synthesis of their aliphatic analogs, by the scheme:

ArCOCI+ CH=CH 2% ArCOCH=CHCI.

It is stated in the patent literature [4] that the condensation of benzoyl chloride with vinyl chloride
yields phenyl 8 -chlorovinyl ketone; however, these data are not confirmed by later studies [5). A more de-
tailed study of this reaction revealed that phenyl 8, B -dichloroethyl ketone is formed here, which is converted
into the corresponding B -chlorovinyl ketone only after additional treatment [6].

The direct synthesis of aryl 8 -chlorovinyl ketones from the chlorides of aromatic acids and acetylene is
of considerable interest, since it makes this type of compound also widely available, The condensation of
benzoyl chloride with acetylene in the presence of aluminum chloride under the conditions used for the
preparation of aliphatic B -chlorovinyl ketones [2], in carbon tetrachloride medium at 0-10°, failed to give
the desired result - the acid chloride proved unreactive under these conditions and was recovered unchanged.
This result can be explaired by the lower activity shown by the chlorine atom of aromatic acid chlorides
when compared with their aliphatic analogs. Taking into consideration the relatively great stability of aryl
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iny! ketones [2], a ik
acetylene, The best results were obtained when acetylene was passed into a solution of the benzoyl chloride
complex with aluminum chloride, The complex was prepared in advance at a temperature not exceeding

10° in dichloroethane solution. The use of this solvent gave better results than did the use of carbon tetra-
chloride. The saturation with acetylene was run at 40-50° for a period of 6-7 hours. Despite the fact that
here a small portion of the acid chloride fails to react, still such a method of operation is more satisfactory
than when more complete utilization of the acid chloride is made (passage of acetylene for more than 10
hours), since in the latter case the strong tarring of the reaction mixture makes it difficult to isolate the
reaction product. The yields of phenyl § -chloroviny! ketone reached 65-707%, based on reacted acid chloride.

This method was extended to the fon of aryl B inyl ketones with substi in the aro-
matic nucleus, By reacting the corresponding acid chlorides we obtained p-tolyl  -chlorovinyl ketone, p-
18 inyl ketone, 18 inyl ketone and p-nitrop 8 inyl
ketone, It is also more convenient in these cases to run the reaction under acetylene passage for 6-8 hours
(at 40-50°).

The unreacted acid chloride is easily removed by simple distillation, The yields of substituted aryl
B -chlorovinyl ketones, based on reacted acid chloride, constitute 55-70%, and based on acid chloride taken—
50-60%, The isolation of the aryl B8 -chlorovinyl ketones is usually achieved by vacuum-distillation. Only
the p-ni B inyl ketone is an fon; its distillation is associated with the danger of ex-
plosion, which occurred in our work. We used a different method for its isolation, The aryl B -chlorovinyl
ketones obtained by us are relatively stable compounds, which can be kept for some time without change.
p-C 8 inyl ketone, phenyl 8 1 ketone and -p-nitrophenyl 8 -chloro-
vinyl ketone, obtained by us for the first time, are crystalline substances. The last of the mentioned com-
pounds cannot be obtained by the earlier described method (3], since the presence of the nitro group ex-
cludes the possibility of formylation, This emphasizes again the fact that our developed method possesses
more general value than does the earlier method,

Consequently, the condensation of acid chlorides with acetylene in the presence of aluminum chloride
can be realized in both the aliphatic and aromatic series,

EXPERIMENTAL

Pheny1-8 -chlorovinyl ketone, A solution of 100 g benzoyl chloride in 250 ml dichloroethane was
placed in a 500 ml 3-necked flask fitted with stirrer, reflux condenser, acetylene lead tube extending to the
bottom of the flask and thermometer, The solution was cooled to 0° and 95 g of anhydrous aluminum chloride
was added with mixing and cooling at such a rate that the temperature of the mixture did not rise above 10°.
When all the aluminum chioride had been added, through the reaction mixture with vigorous stirring was
passed acetylene for 6-7 hours, the temperature of the reaction mixture being kept at about 40-50°, The
reaction mixture was then decomposed upon being poured on ice; the dichloroethane layer was separated,
the aqueous layer was twice extracted with chloroform, the extracts were combined with the main portion
of substance and dried over calcium chloride and potash. The solvent was driven off and the residue was
vacuum-distilled, At 52-54° (2 mm) 15-18 g of initial benzoyl chloride distilled over and then after a small
intermediate fraction phenyl-g -chlorovinyl ketone was collected, b. p. 92-96° (2 mm); yield 1015 g (65- 0%,
calculated on reacted benzoyl chloride). After a second distillation, phenyl -B -chlorovinyl ketone had
b. p. 80-82° (0.5 mm), 85-87° (1 mm).

B 1572; b.p. 125-127°

n‘;" 1.5860, df° 1.2062, Literature data: b, p. 118-120° (10 mm) [3], n
(18 mm) [5].

Found %: C1 21.07, 21,33, CgH,0Cl, Calculated %: C1 21.33,

~Tolyl- 8 -chlorovinyl ketone was obtained in the same manner as phenyl-8 -chlorovinyl ketone from
28 g p-toluoyl chloride and 25 g aluminum chloride in 60 ml dichloroethane at 45-50°; acetylene was passed
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for 6.5-1 hours, Distillation yielded 2.2-3.2 g of initial acid chloride (b, p. 0-100° at § mm) and 23.0 g
p-tolyl-B -chlorovinyl ketone, b, p, 123-127° (5 mm); yield 70-T5%, based on the reacted acid chloride.
After a second distillation, p-tolyl- B -chloroviny! ketone had b. p. 114-116° (2 mm).

ng 1.5835, df 1.1693. Literawre data: [3]; b.p. 118-120°(5 mm) nf 15826,
4{® 1680,

p-Chlorophenyl-B -chlorovinyl ketone was preparéd from 30 g p-chlorobenzoyl chloride and 22.6 g
aluminum chloride in 60 ml dichloroethane at 30 -40° acetylene was passed for 8,5-7 hours, Distillation
yielded 6.0-7.3 g p-chlorobenzoyl chicride (b. p. 70-80° at 3 mm) and 19,0-20.4 g p-chlorophenyl-B -
chlorovinyl ketone (b, p. 114-116° at 2 mm), which completely crystallized in the receiver, After re-
crystallization from petroleum ethier (40-70°), p-chlorophenyl-B -chlorovinyl ketone was in the form of
colorless reedles with m. p, 35,5-36,5°, It was readily soluble in ordinary organic solvents and less soluble
in petroleum ether, insoluble in water, :

Found %: Cl 35.59, 35,52, CgHyOCl;. Calculated %: C1 35.217.

-omophenyl-B -chlorovinyl ketone was prepared from 44 g o-bromobenzoyl chloride and 27 g
aluminum chloride in 150 m1 dichioroethane at 30 -40°% acetylene was passed for 6.5-7 hours, Distillation
yielded 28-30.5 g o-bromophenyl-B -chloroviryl ketone (b. p. 118-122° at 1.5-2 mm), which completely
crystallized in the receiver, Yield 56,5-62%, based on the acid chloride taken. After recrystallization
from petroleur ether, o-bromophenyl -8 -chloroviny] ketone was is the form of colorless needles with
m. p.45.5-46,5°, It was readily soluble in ordinary oiganic solvents, less soluble in petroleum ether, in-
soluble ir water,

Fourd %: C 44.37, 44.21; H 251, 2.63. CyHgOCIBr. Calculated %: C 44.02; H 2.46.

p:Nitrophenyl -8 -chlorovinyl ketone was prepared from 30 g p-nitrobenzoyl chloride and 26 g
alumirum chloride in 70 ml dichloroethare (the complex was prepared at room temperature), acetylene
was passed for 8.5-9 hours, After decomposition of the reaction mass, the combined extracts were boiled
with an equal volume of aqueous saturated solution of sodium bicarbonate for 4-5 hours oii a water bath
to remove the unreacted acid chloride, The aqueous layer was separated and acidified until a definite
acid reactior. was obtained on Congo, The p-nitrobenzoic acid which came down was filtered off, The
dichloroethane solution was dried over potash, the solvent was driven off on a water bath and toward the
erd —in vacuum, The residue was repeatedly extracted with a boiling mixture of petroleum ether and
ethyl acetate. The resulting solution was steamed down io dryness and the residue consisted of yellow
crystals of p nitrophenyl -B -chlorovinyl ketone with m. p. 82-83% yield 17.0-17.5 g (57.5-60.2%, based
on the reacted p-nitrobenzoyl chloride). After recrystallization from petroleum ether, p-nitrophenyl- 8-
chlorovinyl ketone was in the form of yellow crystals with m, p, 88.5-89°. It was soluble in ordinary organic
solvents, moderately soluble in ethyl acetate, less soluble in petroleum ether, insoluble in water.

Found %: C 51.36, 51.38; H 2,95, 2.98; N 6.69, 6.70. CgHGQyNCL. Calculated %: C 51.08;
H 2.86; N 6.62.
SUMMARY

A general method was developed for the synthesis of aryl 8 ~chlorovinyl ketones via the reaction of
aromatic acid chlorides with acetylene in the presence of aluminum chloride at 40-50° in dichloroethane
solution (in  55-70% yield).
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V. D. Azatyan and G. T. Esayan

Institute of Pharmacology and Chemical
Therapy of the Academy of Medical Sciences
of the USSR v - ' -
Reppe and coworkers described [1] the oxidation of cyclooctatetraene by means of different oxidizing
agents and under various conditions, In particular, when chromic acid in glacial acetic acid was used for
the oxidation they isolated two fractions: "acid”, assumed to be entirely terephthalic acid, and identified
through the dimethyl ester, and "neutral®, in which benzaldehyde was found,

Received April 12, 1955

. - Since the preparation of terephthalic acid in general, and from cyclooctatetraene in particular, is of
C. B. Translation pagination. definite interest, we repeated these experiments, In accord with the data obtained by us (see table), the
scheme proposed by Reppe for the oxidation of cyclooctatetraene with chromic arhydride should be
supplemented by the formation of considerable amounts of benzoic acid remaining in the *acid" fraction
together with terephthalic acid.

EXPERIMENTAL

To a solution of 5 g cyclooctatetraene in 100 ml glacial acetic acid in a 1 liter round-bottomed
flask fitted with mechanical stirrer, thermometer and dropping funnel, was added a solution of chromic
anhydride ( ~33%) in aqueous acetic acid (75%). Upon addition of the oxidizing agent, the temperature
of the reaction mixture at first rose to 50 -70° (depending on the rate of addition of the oxidizing agent )
and then it fell somewhat, changing but little until all the oxidizing agent had been added. In most of
the experiments, after addition of all of the oxidizing agent, stirring was continued for 30 minutes more
at room temperature and in a number of experiments the temperature was held at 50- 60° by heating on a
water bath for 2.5 hours (see table, Experiments 9-12), After cooling, the reaction mixture was diluted
with 500 m1 water and extracted 4 times (150 ml portions) with ether, The combined ethereal extract
was washed 2 times (400 ml portions) with water and was then treated with 100 ml of 5% caustic soda
solution, The alkaline layer, separated from the ether, was heated to the boil and the "acid fraction” was
precipitated by addition of a dilute solution of sulfuric acid, The ethereal extract was driven off on a water
bath, The residue was crude benzaldehyde,

The content of benzoic acid in the "acid® fraction was determined by sublimation of 2 0.05-0.1 g
weighed sample at 180-200° for 1 hour (by difference). The sublimate and benzoic acid were proven
identical by determination of the melting point of the sublimate and a mixed sample. The content of
terephthalic acid was determined (by difference) through sublimation of the residue at 300-320° for 1.5
hours. That this sublimate and terephthalic acid were identical was confirmed by preparation of the di-
methyl ester and determination of the melting point of the product's ester and that of a mixed sample with
the dimethyl ester of a known specimen, The experimental conditions and results are given in the table.

Since the determination of the content of benzoic and terephthalic acid by the described method
might not have been completely accurate due to partial decomposition of the oxidation products during
sublimation and some volatilization of terephthalic acid with benzoic acid [2], the acid number [3] of the

* macid fraction” samples was determined. 0.07-0.1g of weighed acid fraction sample was dissolved in
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Oxidation of Cyclooctatetraene with Chromic Anhydride.Initial Quantity of Cyclooctatetraene 5 g;
Glacial Acetic Acid 100 ml,
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Found for 1 g "acid” fraction 0.3500, 0.3520 g NaOH. Calculated on the basis of the sublimation data
0.3398, 0,3448 g NaOH (in Experiments 1 and 4).

20 ml 0.1 N caustic soda and was indirectly titrated with 0.1 N hydrochloric acid in the presence of phenolphthalein.
In this manner, the quantity of caustic soda consumed by 1 g of "acid” fraction was determined, These data

were compared with the calculated quantity of alkali necessary for neutralization of 1 g of *acid® fraction (on

the basis of the sublimation data). The data given show that the divergence between the acid numbers found

for the "acid® fraction and those calculated on the basis of sublimation is not large and, consequently, the

method of determining benzoic and terephthalic acids in the "acid" fraction by means of sublimation may be
considered satisfactory.

SUMMARY

1. A study was made of the oxidation of cyclooctatetraene with chromic anhydride in glacial acetic acid
medium, It was established that here, together with terephthalic acid and benzaldehyde, a large amount of
benzoic acid is also formed,

2. The yield of terephthalic acid under various oxidation conditions was established. The attained
maximum yield of the acid was 6.7%.
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THE CONDENSATION OF CYCLOHEXANONE WITH AMMONIA

G. A. Razuvaev, E, N, Zilberman and S. V. Svetozarsky

Quite recently Bradbury and coworkers [1],and, independently, ~ Matter [2], elucidated the structure
of the condensation product of 3 moles of acetone with 2 moles of NH, ("acetonin®), already obtained earlier
by some other authors [3, 4]. They showed that the reaction of acetone with NH in the presence of CaCly
and NH,C1yields 2, 2, 4, 4, -2,3,4, 5 i In studying the structure of the
condensation product of acetone with NH it was shown that if instead of acetone a mixture of mesityl oxide

i is obtained in satisfactory

and acetone is taken, then 2, 2, 4, 4, yl-2,3,4,5
yield and without the use of catalysts [1]. It was postulated that here diacetonamine is formed first, which
then under reaction with acetone and NHj is easily into the substi imidi

The reaction of the higher aliphatic and cyclic ketones with NHj has shown considerably less study. It
is asserted 5] that the ketones of general formula RCOCH; (where R is an aliphatic radical with 1-8 carbon
atoms), similar to acetone, can react with NHy with the formation of substituted tetrahydropyrimidines, The
passage of a mixture of cyclohexanone and NH; over thorium oxide at 300-330° gave a mixtute of high-boiling
condensation products, the composition of which was not established, and a small amount of cyclohexylketimine
(6]

We studied the reaction of cyclohexanone with NHj under the earlier described conditions [1, 2], in the
presence of CaCl, as water -removing agent and NH,CI as catalyst, at room temperature, and under pressure
and without pressure. A compound having the empirical formula CygHgN, was obtained. It could be formed
from 3 moles of cyclohexanone and 2 moles of NHy by the reaction:

3CgH0 + 2NH3 ———> C;gHyN; -+ 3H;0.

The ion product was 2, 4-dj -5, 2,3,4,5
(). Its structure was proved via acid hydrolysis, as a result of which equimolar amounts of cyclohexanone, NH
and 2-(1-aminocyclohexyl) - cyclohexanone (II) were obtained. The treatment of the latter with alkali gave
2- A'.cyclohexenylcyclohexanone (Il):
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The reaction of the usual product of L 2-07
with cyclohexanone and NHy gave 2, 4 -dip ylene-5, 6
(1) in about 8% yield, To elucidate if the reaction went only due to cyclohexanone alone and whether
2- Atcyc (u) p 4 in it, we studied the reaction between cyclohexanone and
NH in the absence of the above-mentioned chlorides, and also the reaction between 2-A-cyclohexenylcyclo-
hexanone and NHy. In the first case we obtained the tetrahydropyrimidine (1) in about 25% yield: in the second
case ~ from 2-0'-cyclohexenylcyclohexanone (IIl) and NHy = we failed to obtain the amine (I, From this we
corcluded that in the reaction of NHy with a mixture of and 2-4"
(11T the tetrahydropysimidine (1) is formed only byReaction (1).

(1), with

, 3, 4, 5-tetrahydrop

EXPERIMENTAL

Synthesis of 2, 4-dipenta 5,6 -2, 3, 4, 5-tetrahydropyrimidine (). )
moles (490 g) cyclohexanone, 40 g pulverized anhydrous CaCly and 10 g NH,Cl were placed in a 1-liter
Autoclave in which, upon cooling, was then placed 110 g (8.5 moles) NH;. The autoclave was shaken for 48
fous. In the course of the first 2 hours a temperature increase to 35-40° was noted. The resulting solid
yellowish product was ground, washed with water until removal of chlorine ions and dried in a vacuum-desiccator
to constant weight. Yield 431 g (94.5%) of white powder with m. p. 52°. After precipitation with water from
avetone solution and standing in the cold, white acicular crystals were obtained in poor yleld, m. p. 52%
equiv. 137.5; cale, 137.

Found %: C 7856, 78.69; H 10,98, 1128 N 9.97, 9,69, M 280. Cyghygly. Caloulated %o:

C 78.85; H 10.95; N 10.20. M 274,

b) Into a mixture consisting of 203 g cyclohexanone, 60 g CaCly and 6 g NH,CL was passed NHj at the
rate of 18 liters per hour with vigorous stirring for 7 hours, After washing and drying, the yield was 130 g (10%)
of (1) with the cited constants,

(1 in a dry state is very stable in air and,upon prolonged standing, turns slightly yellowish; it is readily
soluble in ordinary organic solvents, insoluble in water, is hydrolyzed by dilute mineral acids even In the cold,
s not hydrolyzed by alkalis, forms a light-brown, very viscous, slowly crystallizing liquid when melted which
decomposes to form liquid products upon being heated in vacuum.

Hydrolysis of 2, 4-dipe .6 lene-2, 3, 4, 5-tetrahydropyrimidine (I). 50
of (1) was dissolved i 160 m 10.8% HySO, solutlon, After 24 houss, the hydrolyzed solution was extracted
5 times with 25. ml postioss of benzene, Using the hydroxylamine method, 13.9 g (T8%) cyclebexanone was
found in the benzene extract (the oxime had m. p. 88°, literature data [T) give 89-%0%). A mixed sample
gave no depeession.
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Afrer extraction, 3¢5 ml acetone was added to 25 ml of hydrolyzed solution. 1.6 g (100%) ammonium
sulfate was precipitated out, Upon final addition of 700 ml acetone, 3.9 g (66%) 2-(1-aminocyclohexyl)-
cyclohexanone sulfate came down in the form of a white powder with m. p. 108°, readily soluble in water
and alcohols and insoluble in ether, benzene, acetone and in chioroform.

Found %: N 5.70, 5.75; SOF - 19,30, 19,35; NH 7.35 (Van Slyke). CytgOpN; - HpSOy
Calculated %: N 5,74; SO}~ 19.65; NH, 6.55,

When the sulfate of 2-(1-amiriocyclohexyl)-cyclohexanone was treated with an excess of concentrated
caustic soda solution, & mixture was obtained which consisted of a lower aqueous and upper organic layer.
The la‘ter was distilled twice in vacuum, We obtained 2- A'-cyclohexenyleyclohexanone (II) with b. p.

124° (5 mm), & 1.602, n¥ 15054, which is in agreement with the literature data [8].

87 g sulfate of 2-(1-aminocyclohexyl)-cyclohexanone was treated with 450 ml of - 15% ammonia
solution. The amine (11) which separated out was extracted with 15¢ ml ether, the main bulk of which was
driven off or a water bath at 50°, After removal of the remaining ether in vacuum, we obtained 60 g
(86.5%) of 2-(1-aminocyclohexyl)-cyclohexanone (i) in the form of viscous yellowish liquid, difficultly
soluble ir. water and readily soluble in ordirary organic solvents, distilling with decomposition in vacuum.

9 1.0280, nf 1.5058; MRy 56.35: cale. 56.65.

H 11,06, 10.94; N 7.13, 6.81. Equiv, 1954, CpHyON.
N 7.18, Equiv, 195,

Found %: C 73.60, 74.22;
Calculated %: C 73.85; H 10.7

Reaction of 2- A" (LiI) with NHy. Into 112 g of (III), prepared by con-
densatior. of cyclohexanone in the presence of F;SO; [9], Nrig was passed at the rate of 18 liters per hour
with vigorous sirring for 16 hours, 62 g of cyclohexanone was then added and passage of NHy was con-
1inued for 16 hours more, A small amount of alkali was added to a weighed sample of the liquid mixture
obrained and all the Nty which evolved was removed by boiling, after which it was acidified with sulfuric
acid, boiled with urder reflux for 3¢ minutes and again alkalized. The NHj which then evolved was then
trapped by a titrated solution of hydrochloric acid, 0.8% nitrogen was found. Upon treatment with alkal,
borh the dissolved NH; and also the NHy that formed during hydrolysis of the ketimino group and decomposi-
tior: of amine (1) were subject to removal; therefore, the nitrogen that came off upon acid hydrolysis was
the risrogen of the tetrahydropyrimidine ring (I). The found nitrogen content corresponded to a yield of

imidine (1) of about 8% of 1by the sum of both ketones.

terral

NH, was passed at the rate of 18 liters per hour irto 100 g of cyclohexanone with vigorous stirring for
16 hours, 2.7 g of the resulting liquid was placed in a vacuum desiccator. After 24 hours and removal of
he urreacted cyclohexarone, coarse crystals came down, After washing with water, we obtained 0.68 g
(24%) of 2, 4-dip -5, lene-2, 3, 4, imidine, similar in constants
to the above-described (I).

Tnto 106 g of 2- A'-cyclohexenyleyclohexanone (I1l) was passed NHs at the rate of 18 liters per hour
for 16 hours with vigorous stirting. 2.7 g of the liquid obtained was placed in a vacuum-desiccator; all
the ammonia was driver off, fourd equiv, 9360. After addition of 3 drops of water, the liquid was again
piaced in a vacuum -desiccator. The dried product was neutral, Evidently, the ammonia reacted with
2- A'-cyclohexenyleyclohexanone (II) to form only the rapidly (by water) 2-A"-cy( -
cyclohexylketimine. 2-(1-Aminocyclohexyl)-cyclohexanone (iI) was not obtained.

SUMMARY

The condensation of cyclohexanone with ammonia gave 2, 4-dip -5,
2.3 4, 5-tetrahyd:opyrimidine, Hydrolysis of the latter gave 2-(1-aminocyclohexyl)-cyclohexanone.
Roth compourds are new,
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amount of a secondary reaction product with m.p. 132-133°, The separation of these two substances is quite easy,
since the secondary product is more soluble in alcohol; it was isolated from the mother liquor obtained in the re-
crystallization of the 1,2-diphenyl-4-n-butylpyrazolidin-3, 5-dione, It could be assumed that the secondary pro-
duct with m.p. 132-133° is the open-chain substance COOC,Hg~CH (n-C4Hg) = CON(Cglls) ~ NHCgHs which was
formed as the result of incomplete condensation and which could possibly be converted into 1.2-diphenyl-4-n-
~butylpyrazolidin-3,5-dione, However, this was not confirmed, and an explanation of the reasons for the forma-
tion of the secondary compound proved possible only after the structure of this new substance was accurately estab=
lished, Oni the basis of its elementary analysis, the secondary substance shows 1 more oxygen atom than does
1.2-diphenyl-4-n-butylpyrazolidin-3, 5-dione. In contrast to it, the secondary substance was characterized by
exceeding instability and even when stirred with dilute sodium hydroxide solution in the cold it was cleaved with
the formation of an acid, the sodium salt of which was poorly soluble in alkali solution and usually deposited in
the precipitate. Judging from itselementary analysis, titration and properties, this acid could have the structure
COOH — CH(OC4Hy) ~ CON(CqHs) = NHCgH. Further saponification of this compound with aqueous sodium
hydroxide solution under heating led to hydrazobenzene and a dibasic acid, devoid of nitrogen, which was easily
and quantitatively decarboxylated when heated at the melting point to yield a new acid with m.p 55-60%. Tiwa-
tion and determination of the melting point revealed that «-hydroxycaproic acid was formed here, To conclu-
sively prove the position of the hydroxyl group, the hydroxycaproic acid was oxidized with potassium permangan=
ate in alkaline medium. n-Valeric acid was isolated after the oxidation, which was identified on the basis of
titration, melting point ©of  acid itsel, its acid chloride, and the melting point of its amide. The valeric acid
could have been formed only from o -hydroxycaproic acid (IIT) and in respective order from n-butyltartronic acid
(1) and the monodiphenylhydrazide of n-butyltartronic acid (D):

[9] H. Gault, L. Daltroff and J, Eck Tridon, Bull, soc. chim,, 12, 952 (1945).
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COOH /COOH
NaOH
_n -CHy—COH NeOH .C(H—COH  ——
\CO—N—NHCH; \COooH
|
0 s an
5 n -C4H;—CHOH—COOH — CH;;—CHZvCHz—CHg—COOH
)

A molecular weight determination of the secondary reaction product by the Rast method revealed that
it is 1,2-diphenyl-4-n-butyl-4-hydroxypyrazolidin-3, 5-dione
CO—N—CeHg
n -C4Hy—COH
\CO—N—CgHs,

i.e. it is oxidized 1,9-diphenyl-4-n-butylpyrazolidin-, 5-dione. In studying the conditions for its formation we
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found that the oxidation of the 1,2-diphenyl-4-n-butylpyrazolidin-5,5-dione during reaction proceeds under ihe
influence of atmospheric oxygen in the essential presence of hydrazobenzene: Tiie vxilation with air f2ils to
proceed in the absence of hydrazobenzene, which indicates that here hydrazobenzene functions as an oxygen
carier.

EXPERIMENTAL

1,2-Diphenyl -4-n-butylpyrazolidin - 3 ,6-dione was prepared from hydrazobenzene and n-butylmalonic
ester in anhydrous alcohol medium in the presence of sodium ethoxide [1] and was purified by recrystallization
from alcohol. From the mother liqudrs, , after recrystallization was isolated a side product, readily soluble in
alcohol, with m.p. 136-136.5°, which was not homogeneous, since only after repeated recrystallizations from 50%
alcohol, did it have a constant m.p. 132-133". The substance was insoluble in water.

Found %: C 70.47, 10.24; H 6.20, 6.12; N 9.07, 8.85. M 308 (Rast). CyoHyoOaNy. Calculated %:C 70.34;
H 6.21; N 8.63. M324.4.

Cleavage of side product. 26.2 g of side reaction product was mixed with 220 ml 8% caustic soda solution,
the insoluble portion was filtered off and repeatedly mixed with 250 ml water and again filtered off. Both mother
liquors were extracted separately with dichloroethane, decolorized with charcoal and after filtration, were
acidified with dilute hydrochloric acid until an acid reaction was obtained on Congo. The substance vhich came
down was filtered off and washed with water. From the first mother liquor,. 3.31 g of extremely impure sub-
stance was obtained with m.p. 120-121° which was not investigated further, and from the second mother liquor
was obtained 12.4 g of substance with m.p. 141.5°. The latter substance was recrystallized twice from 50% alco-
hol. M.p. 144-145° (with evolution of gas bubbles) . The substance was almost insoluble in cold water, readily
soluble in ethyl alcghol and soluble in sodium bicarbonate solution.

Found %: C 66.77, 66.48; H 6.45, 6.78; N 8.18, 8.32. M 344. CygHpyO4N,. Calculated %: C 66.64;
H 6.47; N 8.18. M 341.

The obtained substance corresponded to the mono-N,N'-diphenylhydrazide of n-butyltartronic acid (D).

Hydrolysis of the mono-N,N'-di of n-butyltartronic acid. 9.22 g of mono-diphenylhydrazide
of n-butyltartronic acid was heated on a boiling water bath with 100 ml of 6% caustic soda for 2 hours with stirring
Upon cooling, the hydrazobenzene was filtered off. The mother liquor was extracted 3 times with dichloroethane
decolorized with charcoal, filtered off and acidified with dilute hydrochloric acid until an acid reaction was ob-
tained on Congo. The acid solution was extracted 11 times with ether. The ether was driven off from the dried
ethereal extract and 4.44 g of impure acid with m.p. 124-126° remained. After recrystallization from chloroform,
it had m.p. 126-127° (decomp.) . Yield 3.8 g (80%). The substance was soluble in water, very readily soluble
in alcohol and in ether.

Found %: C 47.97, 47.63; H 6.97, 6.72. M 177. CjH,O5. Calculated %: C 47.72; H6.86. M 176.2.
The obtained substance was n-butyltartronic acid (IT).

Decarboxylation of n-butyltartronic acid. 5 g of the above-obtained acid was heated at 125-130° until
cessation of the evolution of carbon dioxide gas which was absorbed by a solution of barium hydroxide. 1.2 g
carbon dioxide gas evolved. The new actd which formed melted at 57-60° and had an odor similar to that of
caprofc acid. The substance was soluble in water, alcohol and in ether Found M 140. CgpOs. Calculated
M 132, i.e. by analysis and properties it was o -hydroxycaproic acid (Iil).

Oxidation of & -hydioxycaproic acid. A saturated solution of potassium permanganate was gradually added
with stirring at room temperature to 7 g of hydroxycaproic acid, 3 g of soda in 30 ml water until disappearance
of pink coloration. The next day the manganese dioxide was filtered off, washed two times with hot water and
the wash water was combined with the main filtrate. The filtrate was steamed down in an open cup to a volume
of 20 ml and was acidified with dilute sulfuric acid under a layer of ether until an acid reaction was obtained on
Congo. The sulfate salts that came down were filtered off, washed with ether, the ethereal extract was separated
off and the aqueous solution was extracted two more times with ether . The combined ethereal extracts were
dried with anhydrous sodium sulfate, the ether was driven off and the remaining substance was distilled. The
following fractions were obtained: 1st with b.p. 130-179°, 0.77 g; 2nd with b.p. 179-186°, 1.7 g (the literature
data for n-valeric  acid give b.p. 186°[2]).
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1.08 g of the 2nd fraction, b.p. 179-186°, and 1.5 g of thionyl chioride were heated for 25 minutes at 80°
with periodic stirring. The mixture was then distilled two times. An acid chloride with b.p. 123-128.5 was ob-
tained, 0.57 g (b.p. 127.2° [3] is given for valeryl chloride).

0.57 g of the obtained acid chloride was gradually added to 4 ml of cooled ( with ice water) ammonia solu-
tion (d 0.905). The precipitate which came down was filtered off. After recrystallization from ethyl acetate, it
had m.p. 108-104.5° ( the literature data [4] give for the amide of n-valeric acid m.p. 106°).

Oxidation of 1,2-diphenyl-4-n-butylpyrazolidin -3,5-dione with atmospheric oxygen. 10 g of 1,2-diphenyl-
-4-n-butylpyrazolidin-3,5-dione was added to a solution of sodium ethoxide, prepared from 0.75 g metallic sod~
fum and 100 m alcohol and the alcohol was slowly driven off in the course of § hours while air was simultancously
passed through the reaction mixture. The residue was dissolved in water, extracted with dichloroethane, decolor-
ized with charcoal, filtered,and the solution was neutralized with dilute hydrochloric acid. The substance which
came down was recrystallized from alcohol. 8.48 g of starting compound with m.p. 106° was returned. After
concenuration, 0.29 g more of starting compound with m.p. 101-103° was obtained from the mother liquor.  The
oxidation product of 1,2-diphenyl-4-n-butylpyrazolidin -3,5-dion was not found under these conditions.

idin -3,5-dione with atmospheric oxygen in the presence of

Oxidation of 1,2-diphenyl-4-n-bu
hydrazobenzene. The experiment was carried out under the same conditions except in the presence of 6 g hydrazo-
benzene. After recrystallization from alcohol, 6.1g of starting substance with m.p. 105" was obtained and from

the alcoholic mother liquor _ after recrystallization,1.15 g of oxidation product 1,2-diphenyl-4-n-butyl-4-hydroxy-
pyrazolidin -3,5-dione was isolated. For cleavage of the pyrazolidine ring the substance was mixed with dilute
caustic soda solution, the sodium salt which came down was dissolved in water and from the dilute hydrochloric

acid solution was precipitated the mono-diphenylhydrazide of n-butyltartronic acid which was purified by recry -
stallization from 507% alcohol. It melted at 144° and gave no depression with the mono-diphenylhydrazide of
n-butyltartronic acid which was obtained previously . Consequently, in the presence of hydrazobenzene the oxida-
tion of 1,2-diphenyl-4-n-butylpyrazolidin -3,5-dione with atmospheric oxygen to the hydroxy derivative took
place.

SUMMARY

1. The structure of the secondary product, formed in the condensation of n-butylmalonic ester with hydrazo-
benzene in a medium of alcoholic sodium ethylate solution, was determined, which proved to be 1,2-diphenyl-4-
-n-butyl -4-hydroxypyrazolidin-3,5-dione.

2. It was elucidated that the formation of this secondary reaction product proceeds under oxidation with
atmospheric orygen in the essential presence of hydrazobenzene.
LITERATURE CITED
(1] British Patent 646597: C. A., 45, 7602 (1950).
[2] G. Lievens, Chem. Zentr., 11 1328 (1924).
(8] J. Timmermans, Chem. Zentr., 1, 127, (1928).
[4] C. H. Fiske, J. Biol. Chem., 55, 218 (1923).

s. Ordzhonikidze
All-Union Scientific-Research Institute of
Pharmaceutical Chemistry

Received May 6,1955

'Sanitized Copy Approved for Release 2010/07/20 : ClA-RDP81-01043R000400050005-3



oved for Release 2010/07/20 : CIA-RDP81-01043R000400050005-3

PREPARATION OF o -NAPHTHYLNITROMETHANE AND 1TS DERIVATIVES

L. Zalukaev and E. Vanag

-Naphthylnitromethane is a difficultly available compound, and only a single study has been devoted
o its synthesis, where it was obtained by the reaction of o -naphthylacetoniutle with ethyl nitrate in the presence
of sodium ethylate.

Wisticenus and Wren [1], who realized this synthesis 50 years ago, failed to communicate the yleld of
cither the intermediate products or of the final nitro compound.

Up to niow the attempts to obtain -naphthylnitromethane by the direct nitration of «-methylnaphthalene
with nitric acid have been unsuccessful. Treatment with anhydrous nitric actd gives the 4-nitco derivative and a
mikture of difficultly separable oily products of unknown suructure [2]; if acid (d 1.86) containing niurogen oxides
& usod, then the 4-nitro derivative is obtained as the solitary product [3]. In general, the derivatives of o-naphthyl-
nitromethane with substituents in the ring are unknown.

Earlios, one of us (4] had developed a general method for the preparation of compounds with the nitro-
methyl group, which can be depicted by the scheme:

co Cco COONa
¥ NO, N
\CHR HNO, (/Y \\C/ NaOH \ 1 + RCH;yNO,.

N
N \O{ \Cé \r COONa

The 1,8-indandione derivatives on which this synthesis is based are readily available substances. This s
especially true of the diketones with heterocyclic and atyl substituents in the two position. The first are the
phthalones, being obtained in nearly quantitative yield by the fusion of phthatic anhydride and a heterocyclic com-
pound with a sufficiently active methyl group [5).

In the case of aryl derivatives of the indandione good results are obrained if the phihalides are synthesized
from arylacetic acids and phthalic anhydride, with their subsequent isomerization into diketones under the influence
of alcoholic sodium alcoholates.

The preparation of arylnitromethanes had been studied by one of us eatlier on the example of phenylacetic
acid [6).

Having realized the folloving cycle of reactions:

R
. 7
CeH;CH,COOH + ( ) %fg’i f

N\
co - co

co co
YN\ HNO, /\/\/NOQ
— | ) CHCH; T30t k) & _NHOH | ¢ 11,CH,NO;,
N,
0

NHOH
%

L e
o Neas
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i i 5 lacetic acid.
in the final end we obtained phenylnitromethane in 43/ yield, based on starting phenylac .
i ily available.
of ot-nap aci y
ale in good yiclds. The method for

acid with naphthalene and its deriva=

As is known, the nuclear
substances, and ot -naphthylacetic acid itself is obtained on a commercial sc:
the preparation of these compounds s based on the reaction of chloroacetic
tives 7, 8].

i i d on the example

Using the above cycle of reactions based on
nitromethane, for which the whole synthesis is given in the EXPERIMENTAL-
acid the yield is 20-30%.

To obtain 4-nitro- e-naphthylnitromethane we used
the time for the synthesls of 4-nitrophenylnitromethane [9].

of phenylacetic acid, we obtained or-naphihiyl-
Based on the gtarting naphtiylacetic

the mothod previously described by us and used at
It consisted in the nitration of henzyhdeneph[halide

N c=cu(  ONo
C=CH )
A 7 N
\ | o -+ HNOy = \ o

NS
N/ \CO Ve %o

then by the scheme given above. It was found that the aryl

i ent isomerization into the diketone and £ . s f
s denephthalide in its character is reminiscent of toluene.

residue in phthalides is extremely reactive and benzyli
zave the nitro derivatve. After the nitrophthalide was

The nitration of o -naphthylidenephthalide also e i oot yiokd the coresponding

isomerized into the diketone, nitration and hydrolysis of the nitro diketone &

nitro compound — 4-nitro-c-napl

o ways. On the one hand, by the oxidation of thy nitro=
tment of the final derivative containing a nitromethyl
obtained in both cases. This shows that the nitro group

The position of the nitro group was shown in tw
phthalide at the othylene bond, and on the other, by trea
group with sulfuric acid. 4-Nitro-e:-naphthoic acid was
is found in the four position.

We obtained the diketone, needed for the synthesis of 4-bromo

scheme:

-o.-naphthy nitromethane, by the following

CBrCHBr: Br
NN

TN
N
7N
N/

N Ct

/

! \CH/ _

AL o
co

AN

con, |

= Br
CH,OH

N
7
/)

The position of the bromine was also shown by oxidation of the phthalide, which led to 4-bromo-ot-

-naphthoic acid.
hane was run in the same manner s for the o~

is of 4-bromo-ct-naphthylnifrometh
o and 4o This synthesis can be found in the EXPERIMENTAL.

-naphthylnitromethane and 4-nitro-ot-naphthylnitromethane.
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L e
EXPERIMENTAL

1. Preparation of c-naphtyl-1,3-indandione. a) 81 g &t-naphthylacetic acid, 81 g phthalic anhydride
and 2.5 g of anhydrous sodium acetate [10] were mixed and carefully ground in a mortar, the mixture was placed
in a liter flask connected to a slanted tube for driving off the water formed during the reaction. The reaction mass
was carefully heated on a gas burner until the appearance of crystals in the brown liquid melt, which usually takes
about 2 hours. After cooling, the solidified mass was boiled with alcohol until a yellow powder formed . The yield
of commercial product suitable for further operations was 90.5 g ( 76%). After recrystallization from glacial acetic
acid, the substance gave fine yellow prisms with m.p. 177-178°.

Found %: C 84.29; H 4.94. CyHpO,. Calculated %: C 83.82; H 4.41.

b) Isomerization of phthalide to 2- (& -naphthyl) -1,3-indandione was carried out according to Nathanson
[11). Boiling of 40 g phthalide in sodium methoxide (275 ml methanol and 6 g sodium) for 30 minutes with subse-
quent aqueous dilution and acidification yielded 35 g of rather pure diketone. The yield of unrectystallized product
was 88%. After recrystallization from acetic acid, from 20 g crude product was obtained 13.5 g of crystals in the
form of thin light yellow flakes. M. p. 205-206°.

Found %: C 83.99; H 4.70. CyHpO,. Calculated %: C 83.82; H 4.41.

2. Nitration of 2-(c -naphthyl) -1,3-indandione. 3.25 g of diketone was dissolved in 70 ml glacial acetic
acid with heating and to this solution was added a nitrating mixture of 4 ml nitric acid ( spec. grav. 1.52) and 8 ml
glacial acetic acid. Upon cooling, 2-nitro-2-(a -naphthyl) -1,3-indandione came down. Yield 2.15 g (57%) . M.p.
156°.

Found %: C 71.85; H 3.28; N 4.42. CgHy,O,N. Calculated %: C 71.95; H3.38; N 4.41.

In the cited case the most typical yield was given. In general, it varied in the range 52-60% and in one
case even reached 77%. Nitric acid (spec. grav. 1.38) canbe also used with similar success.

. ion of ot-naphthylni 103g (ot-naphthyl) -1,3-indandione was dis-
solved in 300 ml 5% aqueous solution of caustic soda, employing a mechanical stirrer. Solution was continued for
about 6 hours, after which the alkaline solution was filtered off and acidified with dilute acetic acid. The precipi-
tate had the consistency of a slurry and after standing overnight, completely solidified into a brown crystalline
powder.

After washing with water and drying at room temperature, 5.2 g of relatively pure o-naphthylnitromethane
was obtained.

Found %: N 8.01. CyHyOpN. Calculated %o: N 7.49.

After recrystallization from glacial acetic acid, 3.4 g of yellow flakes with m.p. T1-72° was obtained which
corresponds to the literature data for o -naphthylnitromethane.

Found %: C 70.46; H 4.59; N 7.73. CjHeG,N. Calculated %: C 70.60; H 4.81; N 7.49.

4. Niuation of a-naphthylidenephthalide. 15 g of at-naphthylidenephthalide was covered with a mixture
of 50 ml glacial scetic acid and 90 ml of nitric (spec. grav. 1.34) acid. The suspension was heated on a water
bath to 40-45° for 5 minutes, after which the yellow crystalline powder was separated off and dried. Weight 15.2 g.
M.p. about 230°.

Found %: N 5.13. CygH;;ON. Calculated %: N 4.41.

From the analytical data it was evident that the substance contained more highly nitrated products. For
purification it was boiled with benzene and the insoluble portion was filtered off. The weight of yellow needles was
9.8g. M.p.247°. Besides this, the benzene filtrate gave 2.8 g of substance with m.p. 253°, which amounted to
12.6 g nitro derivative or 72%, based on the starting o -naphthylidenephthalide.

Found %: N 4.50. CiHyO,N. Calculated %: N 4.41.

After several recrystallizations, the substance had m.p. 257°; however, the product with m.p. 247-253°
gave the same yield of diketone as the completely pure product.

The substance was readily soluble in hot benzene from which it could be recrystallized; it was difficultly
soluble in alcohol and in benzene.
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5. Preparation of 2- (4-nitro- o -naphthyl) -1,3-indandione. Isomerization was carried out by. ipgzo:‘-
mately the same method as was used for the o.-naphthyl derivative. 5§ of nitrophthalide was covehl‘e.(;\ \:‘l:;‘ :»‘;»1-;”
3% sodium methoxide and to the dark-violet solution was adied i2 mi methanch: th was hoil P‘f ' {;\ et
bath for 30 minutes, after which it was poured into water. The blood-red solution was filtered m!d ﬂf:ld\ ie ‘:‘1 il
dilute hydrochloric acid. In all, 4.65 g commercial product was obtained, which after recrystallization from gla
acetic acid, Jielded 3.52 g (10%) of greyish flakes with m.p. 203-204°.

Found %: N 4.48. CjgHyON . Calculated %o: N 4.41.

6. Preperation of 2-nitro-2- (4-nitro- o-naphthyl) -1.3-indandione. 19 g o[(é-yi(mﬂ-naphihyl?-‘1.3-
indandione was covered wih 220 mi of glacial acetic acid, the mixture was heated t0 45° and 220 ml of nm}dc
acid (spec. grav. 1.84) was run.in - the mixture was then shaken and carefully heated agafn until brown orides
of nitrouen staried to evolve. After cooling with running water, the crystalline precipitate was suction-filtered off
Washed with alcohol. Recrystallization from acetic acid gave 16 gof nitroderivative. M. p. 165-166" Yield T

Found %: C 62.70; H 2.54; N 7.76. CyoHygOgN;. Calculated jo: C 62.98; H 2.76; N 7.73.

7. Preparation of ( 4-nitro- o -naphthyl) -nitcomethane. 11 g of the nitro derivative, obtained as pre-
viously described, was carefully rubbed in a mortar and covered with 200 ml of 57 aqueous soluion of caustic
g and set aside at room temperature with mechanical stiring for 6 hours. The transparent solutlon was fiitered
free of insaluble substance. The weight of the latter was 0.4 g . After acidification with dilute acetic acid, a
yellow precipitate in the form of fine needles came down from the filtrate. Weight 5.75 g, m-p. about 112° Aeer
recrystallization from alcohol, 4.5 g (667%) of crystals of the nitro derivative was obtained with m.p- 116-117°.

Found %: C 56.63; H 8.30; N 12.07. C;;HON;. Calculated %: C 56.90: H 3.45; N 12.07.

8. Preparation of 4-nitro-o -naphthoic acid. ) From (4-nitro-o -naphthyl) -nitromethane. 0.5 § of
( 4-nitro-c -naphthyl) -nitromethane was covered with 5 m1 80% sulfuric acid and was carefully heated for 50 minutes
on an air bath with continuous stirring. The reaction mixture was quite dark. After cooling, the mixture was di-
luted with water, the precipitate was separated and washed with water and then treated with sodium bicarbonate.
Upon acidification, fine crystals came down with m.p. 216°. They were recrystallized from dilute alcohol. Brown

needles were obtained with m.p. 219-220°.

Found %: C 60.60; H 3.28; N 6.50. Cy;H;ON. Calculated fo: C 60.82; H 3.22; N 6.45.

The analytical data correspond to the literature data for 4-nitro- & -naphthoic acid.

b) From nitrophthalide. 2.3 g of 4-nitro-oi-naphthylidenephthalide was carefully stisred with 4.5 g of
sodium bichromate, the mixture was covered with 60 ml glactal acetic acid and then, carefully with vigorous shaking
5 ml concentrated sulfuric acid was added. The mixture was heated with mixing until the liquid was colored green.
The hot solution was filtered and the filtrate was diluted with water . The light-yellow precipitate was separated
off, washed with water and then with a saturated solution of sodium bicarbonate. The soda filirate was acidified
with dilute hydrochloric acid. After recrystallization from dilute alcohol, the light-yellow precipitate weighed 0.4 g
and had m.p. 218°. The yield of acid was 25%. R

Found %: N 6.58. CyH,ON. Calculated %: N 6.45.

A second recrystallization gave a substance with m.p. 219-220°

9. B ination of o i i 80g of was covered with 450 ml
of carbon tetrachloride, the suspension was heated to the boil on a water bath and then a solution of 24 ml bromine
in 35 ml of the same solvent was added in small portions in the course of 45 minutes . After hydrogen bromide fumes
ctarted to evolve, the mixture was boiled in a flask with reflux condenser for 18 hours, cooled, the precipitate was
separated off, washed with carbon teuachloride and dried. The weight of the uibromo derivative was 65 g (58%).
M.p. about 200°. Similar to dibromobenzylidenephthalide, the substance did not have a sharp melting point and
decomposes with heating.

Found %: Br 47.08. CygHyOBrs. Calculated %: Br 46.97.

10. Preparation of 4-bromo-c-nap ide. 65 g of substance, prepared as in the preceding,
was stirred with 100 g of zinc dust and covered with 600 ml glacial acetic acid. After boiling for one hour. the mix-
ture was decanted. Upon cooling, the solution gave a yellow crystalline powder which was separated off. The mother
liquor was mixed with the remaining zinc dust and was again boiled to extract the substance remaining in mixture
with the zinc dust. The filtrate gave a second portion of crystals which were combined with the first portion. Yield

660
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245 3 (5% of the moucbromo dorivative. M.p. 203-207°. After recrystallization from aceric acid or from benzene,
the substance had m.p. 223-224°; however, for all subsequent work, the product with m.p. 203-207° was used which
gave practically the same yields of diketone as the completely pure product.

Found %: Br 22.46. CygH;;O;Br. Calculated 7o: Br 22.79.

The position of the bromine atom in the naphthalens ring was established in the following manner. 5 g
of the monobromo derivative was oxidized with sodium bichromate by the method described in Preparation 8. After
acidification of the solution of the acid in bicarbonate, the precipitate which came down was rectystallized from
glacial acetic acid. The yellow needles of 4-bromo- a-naphthoic acid melted at 218-219° (literaturc data give
217-220%).

Found %: Br 31.83, 31.20. CyH;O;Br. Calculated %: Br 31.47.

11. Preparation of the diketone Tsomerization of the phthalide to the diketone was carried out by the
above described method as for other phthalides. From 15 g of. phthalide was obtained 14.5 g of crude diketone with
m.p. 198-200°. After recrystallization from alcohol, they were in the form of oblong flakes with m.p. 207-208°.

Found %: Br 22.98. CygHyOpBr. Calculated %: Br 22.79 .

12. Nitration of the diketone. 9.5 g of ( 4-bromo- c-naphthyl) -1,3-indandione was covered with 150 ml
glacial acetic acid and heated mildly. Upon shaking, 60 ml of a mixture of equal volumes of glacial and nitric
(spec. grav. 1.48) acids was added to the suspension. The suspension was heated to 50-55° and held at this tempera-
ture for 15 minutes and then cooled. The precipitate which came down was separated off and washed with alcohol.
Yield 7.1 g of crude nitration product with m.p. 147-148". Impurities were extracted by boiling with acetic acid

The insoluble diketone had m.p. 160-161°. Recrystallization from acetic acid did not change the melting point.
Yield 4.85 g (45 7).

Found /o: N 3.54; Br 19.86. CyyHqO;NBr. Calculated jo: N 3.53; Br 20.20.

13. Preparation of ( 4-bromo- & -naphthyl) -nitromethane. 3.7 g of the nitrodiketone was covered with 30 ml
of 10% caustic soda and the mixture was mechanically stirred at room temperature for 7 hours, diluted with water
and filtered. 0.65 g of substance with m.p. 160-161° remained undissolved. The filtrate was acidified with dilute
acetic acid until a slight turbidity appeared and was set aside for 12 hours. The residue of ( 4-bromo-a-naphthyl) -
-nitromethane weighed 1.85 g, with m.p. 85-86°. The yield of crude product was 90%. After recrystallization

from alcohol,0.9 g of nitro derivative was obtained with m.p. 91-92°,

Found %: N 5.31; Br 29.50, 29.67. C;;H4O0,NBr. Calculated 7%: N 5.26; Br 30.07.

SUMMARY

A method was developed for the synthesis of o -naphthylnitromethane and some of its derivatives.

LITERATURE CITED

[1] W. Wislicenus and H. Wren, Ber., 38, 508 (1905).

[2] R. Lesser, Ann., 102, 11 (1913).

[3] A. L Titov, J. Gen. Chem., 17, 382 (1947).

[4] L. P. Zalukaev, Bull. Acad. Sci. Latvian SSR, 8, 1303 ( 1951); 1, 147 (1952); 5, 91 (1954).
L. P. Zalukaev, Bull. Acad. Sci. Latvian SSR, 11, 111 (1953).
L. P. Zalukaev, Bull. Acad. Sci. Latvian SSR, 3, 101 (1954).
1. Ogata etal,,J. Orz. Chem., 16, 1588 (1951).
1. Ogata, J. Am. Chem. Soc., 72, 4302 ( 1950).

[9] L. P. Zalukaev, Bull. Acad. Sci. Latvian SSR, 4, 85 ( 1953).

[10] O. Blank, Ber., 29, 2375 ( 1896) .

{11] F. Nathanson, Ber., 26, 1574 ( 1893)..
Institute of Chemistry of the Academy of Sciences
of the Latvian SSR

'Sanitized Copy Approved for Release 2010/07/20 : ClA-RDP81-01043R000400050005-3



oved for Release 2010/07/20 : CIA-RDP81-01043R000400050005-3

PYRIDO- (3,4-d) -THIAZOLE DERIVATIVES

§. G. Fridman

The condensed system of thiazole with pyridine, known as the pyridothiazole nucleus, has been studied
but slightly . Of the five possible pyridothiazole isomers

NN N2 e T2 Y VI AVAN
['] Jen | | Ten N cH o | em
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(2.3-4) @2d) SHe2.1-8) 4 )
only the first three derivatives are known, and the number of their “known individual representatives are extremely

few. The first derivatives of pyrido-¢2,3-d) ~thiazole and pyrido~( 3,2-d) -thiazole were synthesized by the Japanese
chemists 1], but the idothi have not been obtained up to now.

The purpose of the present study was to synthesize the new pyrido-(3,4-d) -thiazole and some of its deriva-
tives: the 2-carboxylic acid, its amide, the hydrazide and some hydrazones, in order to elucidate the activity of the
indicated compounds on the wbercle bacillus.

We realized the synthesis in the following manner: the heating of 3-nitro-4-chloropyridine with sodium
disulfide gave the disulfide (1), the reduction of which with zinc dust in acetic acid gave 3-amino-4-mercapto~
pyridine, not isolated from the reaction mixture, and when boiled with acetic anhydride the latter was cyclized to
2-methylpyrido-(3,4-d) ~thiazole (II). Oxidation of (II) with potassium permanganate gave pyrido<(3,4-d) -thiazole-
-2-carboxylic acid (1), and the acid in turn was converted into the ester (IV) ; from the latter were obtained the
amide (V) and hydrazide ( V1), and from the hydrazide the two with and

The indicated transformations are depicted by the following scheme:
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(scheme continued on following page)
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The decarboxylation of acid (ILI) gave the free base — pyrido=( 3,4-d) -thiazole (VID).
ylp: i E e ith m.p. 90°, very soluble in most

2-Methylpyrido-(3,4-d) -thiazole () appears as colorless needles with m.p

olve It forms the monopicrate with m.p. 208° and the monohydrochloride

~carboxylic acid (III) appears as tiny needles with m.p. 156°
The reaction product

organic solvents and quite soluble in water.
with m.p. 238", Pyrido=(3,4-d) -thiazole-2 pears
(decomp ). We were unable to isolate the acid chloride of this acid  in the free state. aciion product
of the acid with thionyl chloride, after removal of the excess of the latter, was reacted directly with e slcohal.
The methyl ester (V) has m.p. 717, The amide (V) is obtained from the ester (IV) without any d.ma‘u ({y, lu
the hydrazide (V1) of this acid is obrained only at a temperature not exceeding 30°, probably, due to the fac
that when heated with hydrazine hydrate the pyridothiazole ring is ruptured. The formation of acylhydrazones

from the hydrazide is both easy and quatitative.

EXPERIMENTAL

4-Chloro-8-nitropyridine, necessary for the described synthesis, is known. The starting product for its
preparation is pyridine, which via pyridylpyridinium dichloride is converted to 4-hydroxypyridine [2), and then,
with nitration, into 3-nitro-4-hydroxypyridine [3]. Replacement of the hydroxy group with chlorine to prepare
4-chloro-3 -nitropyridine was carried out under the conditions described by Bremer [3].

3,3"-Dinitro-4,4'-dipyridy! disulfide (I). 48 g of crystalline sodium sulfide was dissolved in 100 ml of
boiling alcohol, 6.4 g of sulfur was then added and the mixture was boiled for 10 minutes. Upon cooling, 39 g
3-nitro-4-chloropyridine was added in small portions with shaking to the above mixture. At first the solution
darkened, then a crystalline precipitate ccated the walls of the flask and finally, a viscous light-yellow mass
formed. After this, the mixture was heated for 10 minutes on a water bath at 70-80°; on cooling, the precipi-
tate was filtered off, suspended in 100 ml of water, set aside for 30 minutes and again filtered off; after drying,

it was recrystallized from glacial acetic acid. Yield 19.6 g (627%). Light-yellow needles with m.p. 216°.

2-Methylpyrido- (3,4-d) -thiazole (). A well rubbed mixure of 19.6 3 disulfide (1) and 60 g zinc
dust, previously treated with dilute hydrochloric acid (4], was added in small portions with mechanical srring in
the course of one and a half hours to 150 ml of boiling acetic acid. The mixture was then boiled with mixing for
one hour more, 40 ml acetic anhydride was added and boiling with mixing was continued for 3 hours more. On
cooling, the mixture was alkalized with a large excess of 40% caustic soda solution, and Cor
wracted repeatedly with chloroform (test for completeness of extraction). fter this was ¢ 3
crystalline precipitate remained with an odor similar to that of acetamide. It was again dissolved in chloroform
and passed through a layer of aluminum oxide 15 cm high. After evaporation of the solvent, the precipitate wa

recrystallized from a small quantity of ligroine. Yield 12.7 g (67%4). M.p. 90"

Found %: N 18.20, 18.28; § 21.21, 21.02. C{HeNpS. Calculated Jo: N 18.86; § 21.33.

The picrate _ was obtained from alcoholic solution. It was recrystallized from alcohoi, m.p. 208°.
Found %: N lB;,Zﬂ, 28.38; S 8.42, 8.60. CygHg(yNsS Calculated %: N 18.47; S 8.44.
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3 4l solution  of lydrogen chioride to an ethe-
real solution of 2-methylpyrido-(3,4-d) -thiazole. The white precipitate which came down was recrystallized from
alcohol with ether. M.p. 238",

Found %: N 15.20, 14.96. C;H;N,CIS. Calculated %: N 15.01.

Pyrido-(3,4-~d) -thiazole-2-carboxylic acid (IIl). 9 g of rubbed potassium permanganate and 12 g of Com-
pound (II) were added, 1o 150 ml water with mixing and heating on a water bath, The mixture was mixed for 30
minutes and 150 ml water and 9 g potassium permanganate were again added and the mixture was again heated with
mixing until the permanganate color disappeared. The hot solution was filtered and the precipitate was extracted
2 times with hot water. The combined filtrates were steamed down to 20-25 ml volume and upon cooling, dilute
hydrochloric acid was carefully added until there was a weakly acid reaction; a white precipitate came dovn which
was set aside for 1 hour and then purified by reprecipitation with hydrochloric acid from solution in soda. The yield
of pyrido-(3,4-d) -thiazole-2-carboxylic acid (III), washed with a small quantity of water and dried in a vacuum-
desiccator over sulfuric acid, vas 2.8 g. M. p. 156° (decomp.). After alkalization with sodium carbonare, 4.5 g of
unreacted 2-methylpyridothiazole with m.p. 90° came down from the filtrate. Thus a total of 7.5 g 2-methylpyrido-
thiazole reacted. Yield of acid onreacted thiazole was 36%.

Found %: N 15.45, 15.64; S 17.89, 18.00. C;H,O,N,S. Calculated %: N 15.55; S 17.77.

Methyl ester of pyrido-(3,4-d) -thiazole-2-carboxylic acid (IV). 2 g of acid (III) was mixed with 10 ml
thionyl chloride and the mixture was heated on a water bath to the boil for 3 hours. The excess of thionyl chloride
was then driven off in the vacuum of a water-jet pump and 20 ml anhydrous methyl alcohol was added to the residue;
the mixture was boiled for one hoir more. The alcohol was driven off and 15 ml of saturated sodium carbonate solu-
tion was added to the residue. The methyl ester of pyrido-(3,4-d) -thiazole-2-carboxylic acid was repeatedly ex-
tracted with chloroform. Af ter driving off the chloroform, the residue was recrystallized from ligroine. M.p. 171°
Yield 1.2 g (56%). It gave no depression in a test mixture with the methyl ester obtained from actd (III), and diazo-
methane.

Found %: N 14.24, 14.29. CgHgG,N;S. Calculated %: N 14.43.

Amide of pyrido-(3,4-d) -thiazole -2-carboxylic acid (V). To 0.45 g of ester (IV) was added 10 ml of
concentrated aqueous ammonia solution and the mixture was set aside for 48 hours. The precipitate was filtered off,
washed with water and recrystallized from water. Yield 0.3 g (71%). Colorless needles with m.p. 262°.

Found %: N 23.53, 23.58. C;HsON;S. Calculated %: N 23.46.

Hydrazide of pyrido-(3,4-d) -thiazole-2-carboxylic acid (VI).  To a solution of 0.3 g of ester (IV) in
10 ml methyl alcohol was added 0.3 g hydrazine hydrate at room temperature. After 3-5 minutes, a precipitate
came down from solution in the form of white needles. It was filtered off and recrystallized from alcohol. Yield of
pure product (VI) 0.25 g (83%). Light-yellow needles with m.p. 232°,

Found %: N 28.40, 28.22. C7HgON,S. Calculated %: N 28.86.

If the reaction of hydrazine hydrate with ester (IV) is carried out with heating, then hydrazide ( VI) does
not form, due probably to the fact that hydrazine hydrate cleaves the thiazole nucleus. The fact that we did not
succeed in preparing the analytically pure substance was probably due to the partial cleavage of the thiazole ring
even at room temperature.

Hydrazone with benzaldehyde. To a solution of 0.2 g of the hydrazide of pyrido-(34-d) -thiazole-
s2-carboxylic acid (VI) in 8ml glacial acetic acid (heated to the boil) was added a solution of 0.2 g benzalde-
hyde in 1 ml glacial acetic acid and the mixture was boiled for 5 minutes. On cooling, 2 ml water was added to the
mixture and the precipitate which came down was recrystallized from alcohol. Colorless needles with m.p. 241°.

Found %: N 19.49, 19.50. CyHyON,S. Calculated %: N 19.53.

The hydrazone with salicylaldehyde was prepared in the same manner as above. M.p. 290°.

Found %: N 17.82. CyHyuON,S - HO. Calculated %: N 17.72.

Pyrido-(3,4-d) -thiazole (VII). 1 g of acid (III) was heated in  test tube on an oil bath at 175-180° for
10 minutes and the residue was then extracted with bofling ligroine, the solution was decolorized with charcoal and
after the solvent was driven off, the residue was again dissolved in a small quantity of petzoleum ether, filtered and
the ether was steamed off. The residue was in the form of colorless needles with m.p. 105°. Yield 0.4 g (53%).

Found %: N 17.82. CyHyOpNgS - HpO. Calculated %: N 17.72. o5
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SUMMARY
pyrido=( 3,4-d) ~thiazole-2-carboxylic acid, i
ester, the amide, hydrazide and two hydrazones.

 aci . -thiazole.
2. The decarboxylation of pyrido- (3,4-d) -thiszole-2-carboxylic acid gave pyrido-(3,4-4) thiazo
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